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*The experilllent reported iu this bulletin was planned by the chemist of the 
Station and all the details of the work have been under his immediate supervision. 
Mr. W . W. McLaughlin, B . S., Assi tant Che mis t, performed very efficiently the 
greater part of the analytical work. Mr. John Stewart, Assistant Chemi t, made 
most of the moisture determinations and in other ways rendered valuable help. 
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1. THE OBJECT OF THE BULLETIN. 
The Utah Experiment Station has, ever since its organiza-
tion, given considerable study to lucern. Of the results 
obtained many have been published, but a great portion has 
not been taken from the pages of the Station records. 
This bulletin aims primarily to present, in a simple manner, 
some of the results obtained, by the Station Chemical De-
partment, in a study of the changes which lucern under-
goes during growth. A secondary object of this bulletin 
is to lead the Utah farmers to a clearer comprehension of 
the composition of vegetable substances; so that, without 
increasing the danger of bing misunderstood, or of ,not be-
irrg understood at all, the Station Officers may, in future 
bulletins, use some of the essential terms of Agriculture 
more freely . The experiment here reported was undertaken 
to supply the Station Staff, for use with the various experi-
ments with lucern, a more accurate knowledge of the rela-
tive and absolute composition of the lucern crop at its dif-
ferent stages of growth, than was obtainable from pre-
viously reported experiments. 
2. THE METHOD OF THE EXPERIMENT. 
After a careful comparison of a great many available 
lucern fields, a patch lying just under the College hill was 
chosen for the experiment. The soil was a sandy loam, 
quite free from pebbles and large stones; and the lucern 
growing on it had seemed in previous years to have be'en 
more evenly distributed and more uniform in growth than 
that of any other field within a reasonable distance of the 
College. The field was laid off from north to south in long 
narrow strips which, in turn, were divided into plats nine 
yards square. Every Monday, when the weather permitted, 
the lucern was cut off of two to six plats selected from the 
two ends and the middle of the field, and the lucern from 
each plat carefully weighed, as soon as cut, on a balance 
sensitive, with the load used, to five grams. While the 
3 
lucern was being cut. four or five hundred plants from each 
plat were separated into leaves, stalks and flowers; and the 
weight of each part obtained. Samples of the whole plant 
were, at the same time, taken from each plat and placed in 
Mason fruit jars of known weight. The remaining lucern 
was placed on cloths in a dark room and allowed to dry. 
The samples of th e whole plant, the leaves, the stalks, and 
the flowers were taken to the laboratory and the water which 
they contained determined. The main portion of the lucerne 
was, after drying, separated into leaves, stalks and flowers, 
and each part ground so fine as to pass through a fine 
meshed sieve, and then submitted, in the laboratory, to a 
complete chemical analysis. With a few exceptions the 
plats were of the same size, and were m easured with the 
same rod, by the same ·observer. The weights of lucern 
obtained have been multiplied by a constant factor to rep-
resent all results in pounds per acre. The weights recorded 
in the following pages are averages of from four to ten 
separate determinations which, for lack of space, cannot be 
reported; and all the analytkal d a ta are averages of an-
alysis of samples of from three to eight plats cut on the same 
day. The methods of chemical analysis followed are, with un-
essential modifications, those adopted by the Associations 
of Official Agricultural Chemists in its last report. Though 
every precaution has been taken to make the results a true 
record of the changes, during growth, in the lucern crop, 
the writer is fully aware that for the present they hold 
only for the climatic conditions of the experimental season 
and that their general truth, or highest scientific validity, 
will be established only when verified by other observers. 
The experiment would have been much more complete had 
it been possible to obtain the entire plant for analysis; but, 
as everyone familiar with lucern knows, the roots are so 
l.ong and branched that it is next to impossible to obtain 
them intact. Several experiments made to obtain the 
weight of the entire plant for a given area proved unsuc-
cessful, and all the work in this bulletin, therefore, refers 
to the part above ground cut within one inch of the root. 
4 
3. WHAT WE FIND IN PLANTS. 
The many substances found in plants may be grouped in-
to a yery few simple classes. vVhen plants are heated to 
the boiling point of water, their weight grows less for a 
short time, after which it remains constant. The loss in 
weight ,represents the water that the plant contained, and 
which was driven off as steam at the high temperature; the 
remaining part is the dry matter of the plant. ':rhe dry 
matter thus obtained, when burned, leaves behind a certain 
amount of incombustible substances popularly known as 
ash. The ,combustible portion of the dry matter, that es-
capes as smoke and invisible gases when the dry matter is 
burned, is composed mainly of the four elements carbon, 
nitrogen, hydrogen, and o:r.:ygen. Carbon is the black 
charcoal of daily life; nitrogen is an inert gas making up 
nearly four-fifths of the air we breathe; hydrogen is one of 
the constituents of water; and oxygen is the active element 
of the air of which it forms one-fifth by weight. In the 
combustible portion of a plant these four elements are 
united to form several 'distinct groups of SUbstances. First 
we have a number of bodies that are made up of carbon, 
hydrogen, and oxygen but contain no nitrogen. These are 
spoken of as the non-nitrogenous constituents to distinguish 
them from the other great group that contains, in addition 
to carbon, hydrogen, and oxygen, some nitrogen. The 
non-nitrogenous group is made up of 1lz'trogen-free extract, 
starch and related bodies, of cellulose or wood fibre, and of 
fat. The nitrogenous group consists of the albuminoids, 
or flesh formers, and the non-alhuminoids, or ammonia-like 
bodies. Each of these classes will be mo.re fully discussed 
in what follows. 
A plant, then, may l?e said to consist of the following 
classes of substances: 1. Water, 2. Ash, 3. Nitrogen-flee 
extract, 4. Cellulose, or Woody Fibre, ,5. Fat, 6. Albumin-
oids, 7. Non-albuminoids. The classes may diagrammatic-
ally be grouped as follows: 
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r Nitrogen-f ree Extract 
'(Wate r ( A s h ( Non- -itroge nous1c euulose 
I I I Bodies 
THE PLANT l Fat 
Dry Matte l l Combus tible ) 
Portion I ( 
I 1 
Albuminoids 
Ni trogenous 
l Bodies NOI1-Albuminoids 
The ash of plants has a ' complex composition, which is 
of great importance to the farmer. The consideration of 
the ash ingredients of lucern is, however, reserved for a 
fu tu re bulletin. 
4. HOW PLANTS OBTAIN FOOD. 
It may be interesting before we pass on to the experiment 
proper to explain in a very general way how a plant obtains 
its food. The substances which make up the ash of the 
plant, the water which it contains, and most of the nitro-
gen of the combustible portion are taken from the soil and 
the air through the roots; while all the carbon and some of 
the nitrogen are taken from the air by means of the leaves. 
When a plant burns, the carbon or charcoal it contains 
unites with the oxygen of the air to form an invisible gas, 
usually known as carbonic acid gas. Since the burning of 
charcoal in one form or another is always going on at the 
earth's surface, it follows that the air we breathe, the at-: 
mosphere about us, must contaiL. considerable quantities of 
carbonic acid gas. The green coloring matter of leaves, 
known to scientists as chlorophyll or leafgreen, has the re-
markable property, when under proper conditions of temp-
erature and moisture, and z"n the p? esence of lz'ght, of taking 
the carbonic acid gas from the air, and of breaking it 
up in the cells of the leaf into charcoal and oxygen. The 
greater part of the oxygen thus set free is thrown back in-
to the atmosphere, while the charcoal is caused to unite 
with 'water and other substances found in the cells to form 
the various classes of bodjes that make up the combustible 
portion of plants. 
THE FIRST CROP OF LUCERN: 
Date of 
Cutting. 
May 4 . .. . .. . . 
"4-12 8 51°.0 
12--18 .. .. 6 49° .0 
18-25. . . , 62°.0 
25-June 1 7 69°. 0 
June 1- 8. i 69° .0 
" 8- 1S* . ... 7 81°.0 
15-22t . . 
22-29. 
7 84° 0 
7 82°. 0 
Jnne 29-July 7 
July 7-20 .... 
" 20-27. 
27-Aug.3 
8 
13 
, 
7 
Aug. 3-10 " 1 7 
., 10-17 ... Z 
17- 24 ..... I 
" 24-31. ... 7 
S~?t.~ :: :. '.'1 ~: 
* Frost on 11th, 
tWatered on 16th. 
87° .0 
81° .5 
82° .0 
80°. 0 
9° .5 
80° .0 
93° .5 
76° .4 
70° .5 
50 GENERAI.lo 
TABLE I. 
METEOROLOGICAL SUMMAliV. 
36° .0 
30° .0 
38° .0 
48° .0 
47° .0 
52° .0 
56° .0 
54°.0 
50°.0 
60° .0 
59° 5 
56°.0 
SSo .0 
59° .5 
57° .5 
57° .0 
SO°.8 
45°.0 
Condition of Fir. t Crop 
of Lucern. 
43°. 5 1.49 
39° .5 0.32 
50°.0 0.34 
58°.5 0.971 
S8°.0 0 .06 , 
H e!.ght: g~ in ~~l es. 
~ 
11 
18 
66° .S 0 .00 " 28 " Bud ,' begi 11-I ning toform. 
70° .0 0401 H e igllt: 35 inches. Early blool1l. 
6 °. 0 0 .00 Medium bloom. 
0. 10 Full flower. 
I 73°.5 0.4~ Full flowe r. 
70°.5 0.28 Late bloom. 
GC)o.O 0 .54 Flowers fall. L e,aves begin to 
withM. 
67°. 5 10 .14 Leaves q ui te dry . 
74°.5 ' 11.25 L eaves and a few. talks fall. 
68° .7 f No change. Expe ri me nt 
75°.3 0 .101 do ed . ~~::~ g:~~ 1 
There was late snow in the spring and the lucern did not 
begin to grow until about April 1st. It made little head-
way the first month and the first. cutting was not made un-
til the fourth of May. Table I shows the condition of the 
plants, the weekly averages of maximum and minimum 
daily temr>eratures and the rainfall during the experiment 
with the first crop. * Water was first applied June 16th and 
from then on the field was watered about every three weeks 
*'l'he temperature and rainfall reco rd was kindly furnished by Mr. James Dryden. 
Station Meteo rologi~ t. 
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until the drainage from the upper farms rendered artificial 
watering unnecessary. The crop did not go to seed be-
cause of several conditions; one of which was that the soil, 
owing to drain:lge from farms on the upper bench, was 
kept too moist. The flowers fell as they matured; but the 
greater part fell in a few days near the early part of 
August. The leaves began to wither and die soon after 
this, and one week later, aided by a strong wind which 
blew for three or four days, the greater part of the leaves 
was thrown to the ground. All growth now seemed to 
cease and two weeks later the experiment was .closed. The 
proportion of flowers and leaves dropped during these weeks 
will be shown in the following tables. 
As no sunshine record was kept by the Station during the 
experimental period, it will be · impossible to estimate the 
influence of this important factor. 
In the following tables the results obtained are calculated 
and tabulated in such a man1?-er as to be easily followed by 
the most unscientific reader. It is recommended that the 
tables be studied carefully; a careful study will be repaid by 
much interesting information. The comments give only a 
general outline of ~he facts found in the tables. 
6. '.rHE WEIGHTS OF GREEN LUCERN AND 
THE A1l'IOUNT OF WATER IN THE CROP. 
FIRST CROP. 
The first column of Table II gives the dates on which the 
lucern plats were cut. Each period is the time from one 
cutting to the next. In the column under green weight, 
we find the number of pounds per acre of whole lucerne, of 
stalks, of leaves, and of flowers in the fresh condition. The 
highest green weight of the crop was obtained on July 7th 
and amounted to nearly 28,000 pounds or nearly 14 tons· 
From this maximum period there is a gradual though not 
regular decrease in weight. 
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TABLE n. 
THE GREEN MATTER AND THE WATER OF THE FIRST CROP. 
May 4 
" 12 
" 18 
" 25 
June 1 
., 8 
, 15 
u 22 
" 29 
July 7 
" 20 
" 27 
Aug. 10 
.... 
~;:; 
O!:D f:-"-
* ~ 
~~~ 
10088 
14547 
19901 
20687 
20966 
22639 
24288 
27525 
23298 
24988 
20394 
17 15374 
24 13604 
M~y 121 
:: i~ 1 
Jun!:: 1 1 
" 8 
" 15 
" 22 
., 29 
July 7 1 
" 20 
" 271 
Aug. 10, 
:: ::1 
M:!y {2 
" 18 
" 25 
June 1 
" 8 
., 15 
" 22 
" 29 
July 7 
" 20 
" 27 
Aug. 10 
5784 
6238 
6490 
7873 
9094 
8643 
8490 
8006 
8445 
9863 
5782 
5446 
4912 
1774 
1891 
2307 
3471 
3598 
6674 
10 07 
12044 
12476 
13960 
14201 
15753 
15486 
16305 
13906 
17 12762 
24 10992 
+1618 
+ 379 
+ 4459 
+ 5354 
+ 786 
+ 279 
+ 1639 
+ 1649 
+ 3237 
-4227 
+ 1690 
-4594 
-5024 
- 1770 
+ 454 
+ 252 
+ 1383 
+ 1221 
- 451 
-153 
- 484 
1
+ 439 
+ 1418 
-4081 1- 336 
1~3:: 
+ 1164 
+ 127 
1+ 3076 
+ 4133 
+ 1237 
+ 432 
+ 1484 
+ 241 
+1552 
- 267 
+ 549 
- -2399 
-1144 
-1770 
83 .15 
82.41 
80 .. 03 
82 .25 
4.76 
83.31 
79 .77 
78 .66 
77 .86 
79 .18 
73.96 
75.15 
70.66 
66.67 
62.14 
~1.15 
79.93 
78 .23 
79.54 
81.70 
80 .17 
78 .09 
76.81 
1
77 58 
80.30 
73.55 
74.14 
71 .76 
63 .24 
65.90 
88 .B 
86 .85 
83.26 
85.47 
87.34 
85.57 
80 .92 
79.67 
77..51 
78 .22 
73 .58 
74 .37 
6Q.41 
67 .44 
61.82 
A. In the whole plant . 
........ . 
OQ)'O 
rJl~.~ 
gs~ ~ 
... 0.. 
'::-i=i btl The Condition of the Crop . 
67~ 
8001 
8073 
11965 
1686 
17234 
16725 
17808 
189U 
21793 
17231 
1788 
14410 
10250 
8454 
+1273 
+ 72 
+ 3892 
+ 4903 
+ 366 
- S09 
+ 1073 
+ 1103 
+ 2882 
-4562 
+ 1557 
-4378 
-4160 
- 1.96 
.~ t:.:: I' A'~ ... 
c<l:l 
!:D'O 
+ 159 
+ 12 
+ 556 
+ 700 
+ 52 
- 72 
+153 
+158 
+ 360 
- 351 
+ 223 
- 625 
- 594 
1-237 
B. 111 the 'Leaves. 
4694 
4986 
5077 
62..59 
7428 
6929 
6630 
6150 
6552 
7920 
4249 
4038 
3525 
1122 
1246 
+ 292 
+ 91 
+ 1182 
+ 1169 
-- 4Q9 
- 299 
- 480 
+ 402 
+ 1368 
-3671 
- 211 
- 513 
-2403 
+ 124 
+ 37 
+ 15 
+ 169 
+ 167 
-71 
1 - 42 
1 - 69 
, + -
+171 
- 232 
- 30 
- 73 
-343 
+ 18 
C. In the Stalks. 
2033 
3015 
2996 
5704 
9439 
10306 
10096 
11122 
11007 
12322 
11395 
12126 
9652 
606 
6795 
+ 982 
- 19 
+ 2708 
+ 3735 
+ 867 1- · 210 
1
+ 1026 
-115 
+ 1315 
- 927 
+ 731 
-'-2474 
- 1046 
-1811 
+ 122 
- 3 
+ 38. 
+ 533 
+ 124 
- 30 
+ 146 
- 17 
+ 164 
-71 
+ 104 
- 353 
- 149 
- 259 
" 
" 
8;.6 
11 
18 
" 
" 
" 
" 28 " Bud s 
beginning to form. 
~~~~~5b~~~~~rlY bloom. 
Full flower. 
Full flower. 
Late bloom. 
Flo wers have fal1e n . 
L eaves quite dry. 
L eaves and a few talk 
fall. 
No change. Experiment 
closed. 
Het,ght: ~;.6 incnes. 
" 8;.6 " 
" 11 ,. 
ileight: 28 inches, Bud s 
beginning to form. 
Height: 35 in. Early bloom. 
Medium bloom . 
Full flower. 
Full flower . 
Late blool11. 
Flowers ha,e fall e n. 
Leaves quite dry. 
Leaves and a few talks 
fall . 
No change. Experiment 
closed. 
He:,ght: ~ ;.6 ill~~es. 
" 8;.6 " 
11 " 
1 " 
" 2 " Buds 
beg-inning- to form . 
H eight : 35 in. Early bloom . 
Medium bloom . 
Full flowe r . 
Full flower. 
Late bloom. 
Flowe rs have fatten. 
L eave quite dry. 
Leaves al1d a few stall.s 
faIt . 
TO change. Experiment 
closed. 
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TABLE II. ( Cont'd) 
D. In t h e F lowers . 
~ ~ ~ ~~ ~~;.I ~ ~ ~~ ~:v 'O B ~ .... ~.9 "c;; 00 ~ b.o 00 "c;; .9 00 "c;; .9 
bn :: ~ .. ~ ... ~'Qi 000 ~ ~ ~ ~ ~ ~ .~ ~ 8. .... ~ :'l ~ ..: - .... 0. ..... 0. 
~ -;..: .~;;~ 00. :: _e _ 0b.o >.~ b.o The Con ditioll of t h e C ro p. 
"C;; . ¢ ~ <" ~ _ t 8 ~ ~ ~ ~.:: .~ ~ .::.~ ~ ;:c 8 'Qi '" t! . .3 ~.~ t. 8 .... '-' c<! ::1 ~ C'd ::I 
__ ~~~~~~~7.~~~~.~-~~~~O~ _~' ~b~D~~ __ ~b.o~~ =-~~ __________ __ 
J une 22 673 + 673 79.95 537 + 537 + 77 Early b l oo m . 
" 29 1642 + 969 82 .33 1353 + 16 + 115 Mediu m bloom.. 
July 7 1909 + 267 81. 34 1551 + 198 + 25 Full bloom . 
" 20 1887 - 22 78.03 1445 - 106 - 8 F ull fl ow e r . 
" 27 3237 + 1350 80.82 2616 + 1171 + 167 L ate fl o wer . 
Aug.l0 1576 - 1661 78.33 1233 - 1383 - 198 F lower s have fallen. 
" 17 
" 24 
838 - 738 
721 - 117 
L eaves q uite dry. 
62.53 521 - 712 - 102 L ea, es a nd a fe w s t a ll.; s 
fall . 
57. 92 412 - 109 - 16 N o ch a nge. Experim.e n 
____ ~ ____ ~I __________ ~ __ ~ ____ ~ ____ ~ __ c_lo_sce_d __ . __________ _ 
*A11 we igb t s :lre in pounds pe r a c re . "t + means gain - m ean s luss. 
The total weight of water as shown in the fifth column 
increases quite reg-ularly from the first cutting but is in-
fluenced, it appears, both by the mean temperature and by 
the water supply. The first period from May 4th to May 
12th was, compared with earlier weeks, quite warm and the 
raintall amounted to nt-arly 1Yz inches. The following 
week from May 12th to 18th was marked as vpry cold and, 
though the soil was moist enough ,- the crop gained only 
72 pounds of water to the acre. The next two weeks had 
warm sunshiny days and pleasant nights,and the crop made 
great gains of water. In the first week of June, however, 
as the soil was drying . fast and the evaporation from the 
leaves of the lucern was being hastened by the high daily 
temperature, the gain of wat er was reduced from nearly 
5000 pounds of the week before to 366 pounds. The next 
week was still warmer and on the 15th of June when the 
cuttings were made the soil was perfectly dry several inches 
below the surface, and here and there in the field wilted 
leaves could be seen. The crop lost , during the period of 
June 8th to June 15th, 509 pounds of water to the acre. The 
next day, June 16th, the field was watered. There was an 
immediate response from the crop. The plants straight-
ened and the acre crop in the next five days took up nearly 
10 
1100 pounds of water, corresponding to a daily gain of 153 
pounds per acre. 
The greatest total amount of water possessed by the crop 
011 one acre was 21,793 pounds, and was found in the cut-
tings of July 7th which also gave the highest green weight. 
The reason. for this high water content is no doubt, that 
the field was watered on the 5th of July. The greCltest 
daily gain of water by the whole plant was made during 
the period ending July 1st, and amounted to 700 pounds; 
the greatest daily gain of the leaves fell on July 7th and 
amounted to 171 pounds; the stalks gained most during the 
period ending June 1st-the daily gain being 533 pounds. 
The number of parts of water in a hundred parts of the 
fresh plant decreases gradually and quite regularly from 
the first cutting to the maturity of the plant. The highest 
number is 84.47, found in the cutting of June 1st, and the 
lowest is 62.14, found in the last cutting I)f the season, on 
August 24th. While the plants were young the stalks COl1-
~ained more water, weight for weight of the fresh sub-
stance, than the leaves; but as the season progressed the 
water content became more nearly equal for the two parts 
and from June 29th, the time of medium bloom, the stalks 
c~ntained a little less water in equal fresh weights than the 
leaves. The proportion of water in the flowers stands be-
tween those in the leaves and stalks. The number 72.00, 
commonly taken to represent the parts of water in 100 parts 
of green lucern, is evidently too low for this region, as on 
June 15th when the plants were wilting, the water per cent 
was nearly 79.00. 
7. THE DRY MATTER. 
FIHST CROP. 
Since the water in a plant is of little more value to ani-
mals than water taken from the trough, the dry matter of a 
fudder crop, or that portion which remains when all the 
water is driven off, becomes of especial interest to the 
farmer. In Table III. a complete record of the dry matter ill 
lucern and its parts, during the whole growing period of the 
first crop, is found. 
" 15 
" 22 
,,~ 29 
July 7 
" 20 
" 27 
Aug. 10 
.• 17 
" 24 
M~y t2 
" 18 
" 25 
June 1 
8 
" 15 
" 22 
" 29 
July 7 
" 20 
" 27 
Aug. 10 
" 17 
" 24 
20.23 
21.34 
22 .14 
20 .82 
26 .04 
24.85 
29.34 
33.).) 
37.86 
i 1703 
2016 
2583 
3034 
3452 
4241 
4831 
18 .85 I 
2007 
21.77 
20.46 
18 .30 
19 .83 
::n 91 
2319 
2242 
19 .70 
2645
1 
25 86 
28. 24 
36.76 
34 .10 
5377 
5732 
6067 
6209 
5984 
5124 
5151 
1090 
1252 
1413 
1614 
1666 
1714 
18(,0 
1856 
1893 
1943 
1533 
140, 
1387 
652 
645 
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T ABLE III. -First Crop. 
THE DRY MATTER IN LUCERN . 
A . In the Whole Plant. 
+ 345 
+308 
+567 
+ 451 
+ 418 
+ 789 
+570 
+.54ti 
+355 
+335 
+ 142 
-225 
-860 
+27 
+ 162 
+ 161 
+ 201 
+ 52 
+ 48 
+ 146 
- 4 
+ 37 
+ 50 
- 410 
-125 
- 21 
- 735 
- 7 
+ 43 
+ Sl 
+ 81 
+ 65 
+ 60 
+ 113 
+ 81 
+ 78 
+ 45 
+ 26 
+ 20 
- 32 
-123 
+ 4 
Condition of the Crop. 
He!;rht· ~y. in~~les. 
" 8Y. " 
" 11 " 
" 18 " 
H e ight 28 inches . Buds b eginning to form. 
Height 35 inches . Early bloom. 
Medium bloom . 
Full flowe r. 
Full flower. 
Late blo0m . 
Flowers have falle n . L eaves quite dry . 
::'eaves a nd a few s tall,s fall . 
No change. Experime nt closed. 
B In the L eaves. 
+ 20 
+ 27 
+ 29 
+ 8 + 7 
+ 21 
- 1 
+ 5 
+ 6 I - 32 
I 
- 18 
- 3 
-105 
- 1 
Height 28 inches . Buds begil1n i ng to f o rl11 . 
Height 35 inches. Early bloom . 
M edium bloom. 
Full flower . 
Full flowe r . 
Late bloom . 
Flowe rs have fallen. Lea"es quite dry . 
Leaves and a few s tall, fall. 
No change. Expe riment closed . 
C. In the Stall,s . 
May 4 1 11. 87 274 I 
,,' 12 13 15 456 + 182 + 23 
He1.ght: ~y. inc.~le . . 
" 25 14.53 970 + 368 + 53 
June 1 17 .34 1368 + 398 + 57 
" 8 14.43 1738 +370 + 53 
SY. 
11 
18 
" 181 16.74 602 I + 146 + 24 
1252 1 1201)·. ~83 22838380 ++64!~ ++9
6
25 Height 28 inches Buds beginning to forl11. ~ .:>0 Height 35 inches . Early bloom. 
29 2249 3194 + 356 + 51 Medium bloo m . 
July 7 21.78 3431 + 237 + 30 Full flowe r. 
" 20 26.42 4091 + 660 + 42 Full flower . 
2725 .63 41.79 +88 + 13 L a te bloom . 
Aug.10 30 .59 4254 + 75 + 11 Flowe rs have fall e n . L eaves quite dry. 
" 17 32 .56 4156 - 98 -14 Leaves and a few talks fall. 
~~._1_8---,-_4_19_7_--,+,--4_1 __ +-,--6 __ N_o_ c_h_a_n-,g"-e_._E_ x-,,p_e_r_i m....;.:....e_n_t_c_l_o_se_d_ . ___ _ 
D. In the Flowers . 
June 22 
" 29 
July. 7 
" 20 
" 27 
Aug. 10 
'" 17 
•• 24 
20.05 
17 .67 
18.66 
21.97 
19.18 
21.67 
3747 
42.08 
136 
289 
358 
442 
621 
343 
317 
309 
+ 153 
+ 69 
+84 
+ 179 
-278 
- 26 
- 8 
+22 
+ 9 
+6 
+ 26 
- 40 
- 4 
- 1 
Height 35 inches. Early bloom . 
Medium bloom . 
Full flower. 
Full flowe r . 
Late bloom . 
Flowe rs have fallen . Leaves quite dry. 
Leaves and a few. talks fall. 
No change. Expe rime nt closed. 
*A" weights are in pounds pe r acre. + gain, -loss. 
MAY JUNE JULY AUGUST 
14 III ,IR . 2LI) IR l5 212_ 219 I~ Q! O 217 10 1724 
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FIG. 1. Dry Matter. First Crop. (Table III.) J une ~;;: n d, Early Blool1l ; Ju ly 7th , F ull F lower. 
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Referring to the column headed Daily Loss or Gain 'we 
find that the daily gain for the first period was 43 pounds to 
the . acre. The next week it increased to 51 pounds per 
acre, and the third week, when the average temperature 
rose ten degrees, there was a sudden jump to 81 pounds per 
acre. The fourth week, the daily ga.in fell to 65 pounds 
and continued about the same during the fifth week. In the 
sixth week, from June 8th to June 15th, the buds began to 
form and the daily gain of dry matter rose to the maximum 
fot' the whole season, namely, 113 pounds to the acre. This 
rapid growth continued, though slightly diminished, dur-
ing the periods of early and medium bloom; but, as soon as 
most of the plants were in full flower, the daily gain of dry 
matter began to grow less, and diminished regularly, until 
the minimum daily gain of 20 pounds per acre was reached 
on July 27th. The next thirteen days were marked by a 
daily loss of 32 pounds to the acre, which, no doubt, was oc-
casioned by the flowers which fell during this period. The 
total loss of dry matter during this period amounted to 225 
pounds; the loss of weight of flowers was 278 pounds, and of 
leaves 21 pounds: so that, after all, the crop was making a 
slight daily gain. The following week, from August 10th 
to August 17th,the crop lost 123 pounds of dry matter daily, 
which made a total of 860 pounds. During- this week 
the leaves fell, causing a loss of 735 pounds; 26 pounds 
of the flowers were dropped, and the stalks lost 98 pouni'fs. 
Here, then, all growth ceased. The next week showed a 
gain of 27 pounds which fell altogether on the stalks. That 
small gain, however, is most likely only apparent. 
If we now examine the column headed Total Weight of 
the Dry Matter, we ~hall find that the greatest weight of 
dry matter in the crop was found on July 27th when all 
growth had, practically, ceased. The value of a crop, 
however, depends not only upon its quantity but also upon 
its composition and its.digestibility; and, as we shall see in 
the following tables, the plallt, on July 27th, had under-
gone such transformations in its composition as to render it 
of little value as a stock food. 
14 
In this section of the country lucern is cut, by some, at 
budding; by others, in the period of early bloom; and others 
again wait for medium bloom, or even postpone the cutting 
until the first week of full flower. This gives us a period 
of three or four weeks during any part of which lucern is 
cut. 
~ow, from the table, it appears that from June 15th, the 
period of budding, to June 22nd, the period of early bloom, 
the crop gained 570 pounds of <ir:y matter to the acre, which 
would correspond to 647 pounds of hay having 12 per cent. 
of moisture. During the week from June 22nd to June 29th, 
the week of medium bloom, the acre crop gained 546 pounds, 
equalling 620 pounds of hay. By postponing the cutting 
two weeks from budding time, the total gain in hay would 
be 1269 pounds. From June 29th to July 7th, the first week 
of full flower, there was a gain of dry matter corresponding 
to 403 pounds of hay-which would make a total increase, 
. above the weight of the crop at budding, of 1670 pounds. 
If the digf>stibility of the constituents of the lucern. dur-
ing these three weeks, is not materially altered, the gain in 
hay by cutting at the later periods will be of considerable 
importance to the farmer. Yet it is to be remembered that, 
when the first crop is cut early, the second may be cut 
earlier, and, consequently , the third crop has a longer 
period of growth. (See second and third crops.) This sub-
ject will be considered more fully under the heading": Time 
to Cut Lucern. 
Let us refer again to Table III. and examine more care-
fully the sections for leaves, stalks, and flowers. The leaves 
made rapid gains of dry matter the first three weeks; the 
next two weeks the gain was insignificant; but the sixth 
we~k, from June 8th to June 15th-which is marked as the 
week of greatest activity-the leaves gained 14n pounds. 
From now on the gains are small, and, from July 7th, as 
the activity of the plants decreases, dry matter is being 
drawn away from the leaves into the stalks and , probably, 
roots. July 27th, which marks the minimum amount of 
dry substance in the leaves, and, therefore, we may assume, 
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the minimum in the as~imilation process of the crop, marks 
also the maximum amount of dry substance in the flowers. 
As the production of flowers, or seed, is fhe purpose of the 
plant's life, it is but natural to find an interdependence of 
assimilation activity and flower production. 
The dry matter in the stalks of the lucern increaseq. regu-
larly from the first of the season to the last, and increased 
very nearly in proportion to the total increase of the crop. 
The period ending July 20th showed an unexpected increase 
due to the loss of dry matter by the leaves. It is perhaps 
worthy of r emark that the maximum amount of dry matter 
in the stalks is found at the time when the leaves have 
finished the last of their work and are dropping off. 
The section of the table on the flowers needs no comment. 
8. THE PROPORTIONS OF LEAVES, STALKS .. 
AND .FLOWERS IN THE PLANT. 
FIRST CROP. 
TABLE IV. 
PROPO RTIO N OF STALKS, J~ EAVES, AND FLOWEftS IN LOCERN. 
I 
~ o ~o ~ t ~' I ~'O I ~o b t ~ 
.... oG ~ ; ~ ~. ; ~ ~ ~~ ~ 2 ..: ~ 2 ..: ~ ~ ~ 
. . '" ~ .. '" '" 0. ~ ~ 2:l I ti ~ 2 
Condition of the Crop. ~.~_. I ~§i ~§~ ~~ i I ~§! ~§! ~~~ 
.. ~.= ~ P!.:: ~ P! ~o o:.=~ I o:.=~ P! ~o MaY-~4·o'8'::' -;-;:;;:28;-::.5;;;2;='-'-:n':-'on"--e""-~7;;;;9":':;.9~1:::""':"'-;;:20~09~""':n';':o":=n~e~7"H=-e,;-"i,g7h-:-t :---::-68:-:%C-;i-n--:ch.-.e-s-. -
" 12 64.25 35 .75 " 73.26 26.74 " 
" 18 64 .33 35.67 ,. 70 .10 29.90 " •. 8~ " 
•. 25 54 .12 45 .88 ., 62.45 37.55 " " 11 " 
June 1 45.69 54 .31 " 54.91 45 .09 " " 18 " 
,. 8 41.78 58. 22 " 49 .65 50 .35 
" 15 40.49 59.51 " 4~.86 56 .14 
" 22 35 .38 
" 29 34.77 
July 7 35.83 
" 20 24.82 
" 271 21. 79 
Aug.10 24.07 
I 
" 17 11.54 
" 24 13..90 
61.66 
58 .46 
57.23 
66.47 
65 .25 
68.19 
I 83 .01 I 80 .73 
2.96 
6. i7 
6 94 
8 .71 
12 .96 
7 .74 
5.45 
5.37 
38..43 58.75 
35.22 59.40 
33 .90 59 .85 
25.26 6745 
22.69 67 .31 
23 .18 71.10 
12.73 81.09 
I 12.52 81. 48 
2.82 
5.38 
6 .25 
7 .29 
10.00 
5.72 
6 .18 
6 .00 
" 28 " Buds 
beginning to form. 
~~1;~~ 3~1~~!~r1y bloom. 
Full flower. 
Full flower. 
Late bloom. 
Flowers fall. 'Leaves be-
gin to wither. 
Leaves quite dry . 
Leaves and a few stalks 
fall. 
The facts of the two preceding tables concerning 'the re-
I a ti ve proportions of leaves, stalks, and flowers have been 
summarized in Table IV. When the plant was young 
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four-fifths of it consisted of leaves, but as it grew older the 
stalks increased so rapidly that when the plant was old 
more than four-fifths of it were made up of stalks. This 
table shows perhaps better than Tables 11., and III., the 
functions of the leaves and the stalks. The leaves are the 
instruments whereby tbe plant obtains its food and the 
stalks are the chief depositories of the food acquired by the 
leaves. A given leaf surface is sufficient for the needs of 
the plant and, therefore, when that surface is reached the 
leaves no longer show an important increase. 
9. THE STARCH Etc, OR NITROGEN-
FREE EXTRACT. 
FIRST CROP . 
As explained briefly in Section 4 the leaves of a plant 
take carbon from the carbonic acid gas of the air, and de-
posit it in the leaf cells. Here the carbon unites with 
water to form bodies which, as yet, have not been iden:ified 
by science. We know, however, that the first visible pro-
duct of the union of carbon with the substances in the 
plants is starch. Starch, then, may be looked upon as the 
first body made by the plant; and from starch, consequently, 
all other bodies found in the plant, which have not been 
taken up directly by the roots or leaves, are made. Though 
we do not know how the plant is enabled to effect the many 
transformations that take place within its structure, yet we 
know with considerable certainty what substances it ordin-
arily produces during its life. We know, for instance, that 
if a plant is developing, let us say a new leaf, starch, 
among other ingredients, is sent from some leaf already 
active to furnish .the growing part with food. We know 
further that, since the growing leaf requires a frame- work, 
some of the starch is converted into woody fibre or cellulose. 
We know in fact, as already stated, that starch, or starch-
like bodies, form the starting point in the manufacture of 
all the bodies found in the combustible portion of plants. 
" 44 
" 49 
July 7 
" 40 
" 47 
Aug. 10 
39.23 
41.16 
38.84 
38. 48 
39.25 
38.41 
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TABLE V.-First Crop. 
NITROGEN-FREE EX"I:RACT. 
A . In the Whole Plant. 
Condition of the Crop. 
Hej,ght: ~~ inc,~es. 
" 8~ " 
" 11 .. 
" 18 " 
H e ig ht 48 inche.. Buds beginnin~ 
to form, 
1895 + 200 +48.6 69.76 Height 35 inches . Early bloom. 
2211 + 316 + 45 .1 74 .83 Medium bloom . 
4278 + 67 + ~ . 4 75 .61 Full flower . 
2320 + 44 + 3.4 78 .75 Full fllower . 
4437 + 117 + 16.7 80.61 Late bloom. 
2498 -139 - 9.9 80.71 Flowers have fallen. Leave quite 
" 
" 
dry. 
17 35. 32 1810 -488 -69 .7 83.26 L eaves and a few stalks fall. 
24 34 .~ __ 1_7_76 __ -_3_4 __ -_4_._9 .-,-8_3_.8_~_1 -,-_N_o_c_h.a_nge. Experiment closed. 
May 4 
., 14 
" 18 
,. 45 
June 1 
" 8 
" 15 
" 22 
" 29 
July 7 
" 40 
,~ 27 
Ang.10 
4406 
42.40 
43 .18 
41.71 
42.94 
41.64 
41.11 
41. 82 
47.~6 
47 .68 
46 .15 
4 .96 
4939 
17 44.84 
241 47. i6 
May 4 
H 12 
:: ~~ 
June 1 
" 8 
" 15 
46 .54 
49 17 
49 14 
45.68 
38 .86 
38 .20 
39.07 
480 
531 
610 
673 
715 
714 
765 
B. In the L eaves. 
~5 ' 24 
+. 51 + 6 .4 53 .50 
+ 79 + 13 .1 56.37 
+ 63 + 9.0 54. 67 
+ 44 + 6.0 56.74 
- 1 - 0.1 57.60 
He,i,ght : ~~ illc.l~ es . 
" 8~ " 
" 11 " 
" 18 " 
+ 51 + 9.3 5.:l.43 Height 48 inches . Buds beginning 
to form. 
778 + 13 + 1.9 55.63 Height 35 inches. Early bloom . 
907 + 129 +18.4 62 .24 Medium bloom . 
946 + 19 + 4.4 63.61 Full flower. 
708 -218 -16.0 63.01 Full flower. 
68Q - 19 - 4.7 66.11 Late bloom. 
685 - 4 - 0 .3 65.86 Flowers have fallen. Leave .quite 
1 dry. 
294 -393 - 56 .1 64.18 : L eaves and afew stalks fall. 
308 ~~+_~1~6~_-~r_4~3~, ~6_~~.~4~1 __ N~o~c~h~a_n~g~e_._E_x_·~pe_r_i_m_e_n_t_c_1o_s_e_d_._ 
~~ I 
291) 
443 
532 
664 
930 
1054 
+ 97 
+ 72 
+ 147 
+ 89 
+ 132 
+ 266 
C. III the Stalks . 
+ 14.1 
+ 12.0 
+ 21.0 
+ 14.1 
+ 17 .4 
+ 38.0 
,63 .22 
64.48 
67.53 
68 .14 
67 .15 
72 .55 
77. 87 
H e,i,ght: 6~ Inches . 
8 " 
8~ " 
11 " 18 •. 
Height 48 inches . Bud beginning 
to form. 
" 42 
" 49 
July 7 
I 1164 
:;7 .14 
36.42 
33.94 
34.21 1 
34 .40 I 
34 .64 I 
+ 124 
+ 110 
+ 1 
+234 + 39 
+ 36 
+ 17 .7 79 .31 Height 35 illches. Early bloo m. 
+ 159 83 .07 M edium bloom . 
" 20 
" 47 
Aug. 10 
1165 
1399 
1438 
1474 
+ 0.0 84.69 Full flower. 
+ 18 0 86 .00 Full flower. 
+ 5.6 87.22 Late bloom. 
+ 2.6 87.06 Flowe rs have fallen. Lea,es quite 
" 17 34.84 1365 - 109 
dry. 
- 15.6 87.05 Leave and a few talks fall. 
" 24 32 .15 1350 - 15 
- 2. 1-'-_88_. 1_6--'ic-N_o_c_h_a_u-"g:....e_._E_x_·p~e_r_i_m_e_n_. t_c_Io_s_e_d_._ 
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TABLE V. (eontd.) 
D. In the Flowers . 
Condi t ion of the Cro p. 
June 221 46 .UO 63 
•• 29 1 48 .40 140 
July 7 I 52.16 187 
" 20 48.15 213 
" 27 49. 84 310 
Aug. 1011 40 .57 139 
.• 171 48.38 153 
" 24 38 .. 14 118 
--- - - ------
61.Sl:l I H e ight 35 inches . Early u loorn . 
+ 77 + 11.0 64.65 Medium bloom. 
+37 + 4.6 6 .14 I Full flower. 
+ 26 + 2 .0 65.93 Full ·flowe r . 
+ 97 + 13.9 68.91 Late bloom. 
-29 - 2 .1 61.76 I Fl~~:rs h ave fallen. L e aves quite 
+ 14 + 2 .0 73.16 I L eaves a nd a few s t a ll< s fall. 
-35 - 5 .0 63.~_1 ~~ chat1ge~ Ex~~iment clos.e~_ 
*Al l we ights a re in pounds p e r acre + gain, - loss. 
Table V. is h eaded Nitrogen-free Extract, because it does 
not represent anyone substance, but a group of substances. 
Starch, as soon as it is formed in plants, begins to undergo 
changes that produce bodies related to, but not identical 
with itself. The changes to which s tarch is liable are facil-
itated by t.he relationship which it bears to an important 
~roup of chemical substances known as the carbohydrates. 
To this group belong ordinary starch, common ugars, cot-
ton, nearly all kinds of woody fibre, gums and countless 
other more or less familiar substa!1ces. In this group we 
have, not only one kind of starch and one kind of sugar, 
but we have a dozen or more ldnds of starch and several 
dozen different sugars; and more are being discovered every 
year. These bodies, the carbohydrates, have further the 
property, when under proper conditions, of being readily 
changed from one into the other; and these conditions seem 
n'owhere to be so constantly present, and so delicately bal-
anced, as in a living plant. The expression, Nitrogen-
free Extract, then, means starch and all other carbohy-
drates found in the plant, with the exception of wood fibre 
or cellulose, and a small quantity 'of substances that do 
not belong to the carbohydrates but are always reported 
with them 'in plant analysis. 
MAY JUNE JULY AUGUST 
-~oo ~ II/ III 210- If l8 IS -= 2.. ?~ ~ ']0 27 0 7 29. 
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~ ~ V !---- roo-~ 
---
:::s ~ 
-
~ Q 1000 ~ ~ / i-"" ~ ~ ~ 
----
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f----
LEGENDS-; FLOWERS /' .... v STALKS/\/\ L£AVES~WHOLE: PLANT'/ ~ 
FIG. 2.- The Nitrogen-free Extract. First Crop. (Table V.) June 22d, Early bloom . Jul y 7th, Full fl o \ye r. 
~ 
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The substances included under Nitrogen-free Extract, are 
easily digested and are among the best foods. Woody fibre, 
cllmmonly called crude fibre, though a carbohydrate, is be-
cause of its woody, resisting nature, rather indigestible and 
a poor food. Since the frame work of all plants is made up 
of such crude fibre, we can find no complete plant structure 
wholly devoid of crude or woody fibre or cellulose. Because 
of the peculiar properties of crude fibre, it is customary to 
keep it separate from starch and other carbohydrates in a 
discussion of the food value of a plant. 
Turning now to Table V., we find from the column under 
the whole plant headed Total Weight of Starch, etc., that 
there was a steady increase in the weight of starch, etc. to 
August 10th, when a loss occurred, partly due to the loss of 
the flowers and partly to a redistribution of the starch among 
the parts of the plant. From the second column, giving 
the parts of starch, etc. in one hundred parts of dry matter 
we see that the per cent. decreases from 44.52 to 34.48, 
showing that as the plant grows older other substances 
are added to the plant more rapidly than starch, etc. As 
we shall see later, the conversion of starcb into cellulose or 
crude fibre explains the decrease. 
The table shows further, under the section headed Leaves, 
that the increase in starch, etc. in the leaves is very small 
and gradual. The highest daily gain was made durin~ the 
period of June 22d, to June 29th when the crop was in me-
dium bloom; and the highest daily loss occurred during the 
period from July 7th to July 20th. The loss at this time 
was not, however, a loss to the whole plant, as it simply 
represented the starch, etc. transferred from the leaves to 
the stalks preparatory to the death of the leaves. There is 
no regularity in the variation of the number of parts of 
starch, etc. in the dry matter of the leaves, as this group is 
constantly being drawn upon to furnish the materia1 for 
new bodies. 
The stalks are the main receptacles of the productions of 
the plant, and the column giving the parts of starch, etc. 
in a hundred parts of stalks tells us, from the gradual de-
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.crease of the numbers, that, as the plants grow older, other 
substances are being added to the stalks faster than the 
starch, etc.; or, what amounts to the same thing, that the 
starch, etc. added to the stalks is partly converted into some 
other substan ce. The highest daily gain of starch, etc .. in 
the stalks occurred during the week from June 8th to June 
15th, the week of the greate~t general activity. 
The relation of the flowers of the crop to the starch, etc. 
may be seen from an inspection of the fourth section of 
Table V. 
10. THE Cl~UDE FIBRE. 
FIRST CROP. 
The sUbstances that come under this head are those that 
have a woody nature, and resist the action of dilute acids 
and alkalies. The group includes a number vf substances 
that, up to late years, were not well known. The most 
common representative of the group is cotton or cellulose. 
Because of its low digestibil'ity the crude fibre in a fodder 
crop is of special importance to the farmer. 
TABLE VI. -First Crop. 
TH E CRUDE FIBRe IN L UCERN. 
A . In the Whole Plant. 
~§- 6~-~ ~~~ ~ ~~;!J '0 ~.= . 
e _ 0 .~.o c e·E.o t= E·~.c . () ;{5 ~ 
'0 ';'='2..~.g '<;:..> 6'~ 'id U ~.~ Z .... OJ ~ 
Q) o~~§ _1: 0oQ):U0oQ)~ ~~~ Condition of Crop. 
~bi. t==~~ ~~~ r;~.6~~ ~ .ri~~t::\ h A.~ <'.l~0..:E ~ 0.0 ' 03~,I:l '~jr::..!: 00:00 
0.. * 8 ':'A ... :-..0 
May 4" 12. 35 . -:\'-'---;.:-"""56;-:-:;.8:::'7-7=H:-e,-ig":'h-:'t -: -:6""'Yz7":""i n-c7h-es------
" 12 12 .2J + 41 + 5 .1 56.44 " 8 " 
" 18 1470 + 7 + 145 59.64 8Yz 
" 25 1652 + 131 + 18. 7 59. 73 11 
June 1 20 .36 + 191 + 27.3 61 46 18 
:: 8
15 
2524 + 253 +36.1 65 .16 
" 22 
" 29 
July 7 
" 20 
" 27 
Aug. 10 
28 . OJ + ::<19 + 45 .6 68.04 Height, 28 inclIes. B ud s beginning' 
I 
to form . 
30 .53 + 285 + 40 .7 69 .76 Height, 35 inches. Early b loom . 
33 .67 + 335 \ + 4": .9 74. 83 Medium b loom. 
36.77 + 49 + 37 .3 75 .61 \FUll flow e r . 
40.47 + 347 +26 .8 78 .75 Full flower. 
41.36 -!::113~.1 \ :2::1~ .. 13 8061 Lat bloo11l. ~2 .30 oJ 80.71 IFlowers haye fallen. L eaves quite 
dry. 
" 17 47 .94 2456 - 75 - 10 .7 8326 L ea,esanciafew stal1<s fall. 
~ ~ ~~ 2544 --± 88 1+12. 6 83.87 No c h ange. Exp!:.rimel1t closed . 
May 4 
" 12 
" 18 
" 25 
June 1 
" 8 
" 15 
" 22 
" 29 
July 7 
" 20 
.. 27 
Aug .. 10 
11.18 
11.16 
13.19 
12.96 
13.80 
15.96 
14 32 
13.81 
14.36 
15.93 
16.86 
17.15 
16.47 
122 
140 
186 
209 
230 
274 
267 
22 
TABLE VI. (eontd. ) 
+ 18 
+ 46 
+ 23 
+ 21 
+ 44 
-- 7 
B . In the L eaves. 
+ 2 .3 
+ 7·7 + ~.J 
+ 3.0 
+ 6.3 
- 1. 0 
Co ndition of Crop. 
55 .24 Height: 6% inches 
53.56 " 8 " 
56.37 " 8% ', . 
54 .67 " 11 " 
56 7~ " 18 " 
57 .60 
55 .43 H e igh t, 28 inche · . B uds begi nning 
to form. 
256 . - 11 - 1 6 55 63 Height, 35 inches. Early bloom . 
273 + 17 1 + 2.4 62 .22 Medium bloom . 
309 + 26 + 3 .3 63 .61 Full flower. 
259 50 ( 38 63.01 !FUll flower. 
229 = 13 = 1:9 65 .86 Flowers have fallen. Leaves q ui te 242 - 17 1 - 2'4 66.11 Late bloom. 
I 
dry. 
" 17 19.34 126 -103 -14 .7 64 .18 Leaves and afew stalks fall. 
__ '_' ~2~4~1 ~1~7 ~.6:~5 ~1~1~4~ __ --~1~2~_-~1~.~7~~6~5_.4_1 __ N __ o_c __ ha~e. Exp~rime~clo4ed . 
May 4 
" 12 
" 18 
" 25 
J une 1 
8 
" 15 
" 22 
" 29 
July 7 
" 20 
" 27 
Aug.lO 
" 
" 
17 
24 
June 22 
" 29 
Jul v 7 
,,' 20 
" 27 
Aug. 10 
" 
" 
17 
24 
16.68 
15.11 
18 .39 
22 .46 
28 29 
34.35 
38. 80 
42 .17 
46 .65 
SO. 75 
51 .79
1 
52 .82 
52.42 
54 .21 
56.01 
15 .58 
16 .25 
159 
17.78 
19.07 
21.19 
24 .78 
25 .74 
46 
69 
110 
218 
388 
598 
924 
1198 
1490 
1741 
2119 
2208 
2230 
2252 
2351 
22 
47 
57 
78 
118 
72 
78 
79 
C. In the Stalks. 
+ 23 + 2.9 
+ 41 + 6.8 
+ 108 + 15.4 
+ 170 + 24.3 
+ 210 + 30.0 
+ 326 +46.6 
+ 274 + 39.1 
+ 292 + 41.7 
+ 251 + 31.4 
+ 378 + 29.1 
1 
+ 
89
1 + 12 .7 + 22 + 3.11 
+ 22 + 3.1 
+ 99 + 14 .1 
63.22 
64.28 
67 .53 
68 .14 
67 .15 
72 .55 
Height: 6% in ches. 
'" 8 H 
-, 8% " 
" 11 ,. 
" 18 " 
77.87 Height, 28 inches. Buds beginni n g 
to form . 
79 .31 Early bloom. Height, 35 inches. 
3.07 ,Medium bloom . 
84 .69 'IFull flower . 
86 .00 Full flowe r. 
87 .06 F lowers have fallen. L eaves quite 
dry . 
87 .22 1Late bloom. 
87 05 Leaves and a fe w tall{s fall. 
88:16 No Change. Experiment closed. 
D. In the Flowers. 
+ 25 
+ 10 
+ 21 
+ 40 
--46 
- - 6 
+ 1 
1 
+ 3 .6 
+ 1.3 
+ 1.6 
+ 5.7 
1 
--6 .6 
--0 .9 
+ 0.1 
61.58 H e ight, 35 inches. Earl y bloom . 
64 .65 Mcdium bloom. 
68 .14 Full flowe r. 
65 .93 Full flower . 
68 91 Late bloom. 
61.76 Flowers have fallen. Le~ves quite 
dry . 
73 .16 L eaves an d a few stalks fall. 
63.88 No change. l!;xpe riment closed. 
*All weights are in pounds per acre. + g·aill. -- loss . 
Table VI. shows the proportion of crude fibre in the whole 
plant; in the leaves, the stalks · and the flowers: the abso-
lute amounts in the plant and its parts in pounds per acre, 
and the total and daily gains for each period. The proportion 
('I') 
N 
- --
MAY JUNE . J ULY AUGUST 
300c 4 II 18 25 I 8 ~5 22 2 9 6 2 0 27 10 17 2~ 
1 
l,J -
?5OC I ~-c -= V =-- ~ <:( - ~V ----~ -c ?OOC .-/ --~ ~ ..-0. - / CI) - 15OC· ~ 
~ ~ / ~~ ./ ()-': loDe 0. - / - ~_ 50C ~ I 
~ ~ .-' ..,. .-,:::::::::= 
0 -l- .-
_. 
t- ._- .- ~ .- - -
~ - A " L£'GcND;- ELO W E'RS,' \//STALKS/'.! L E AVESJ' V /I'l/HOL£ PLANT~ 
Fw.-3 The Crude F ibre . F irst c rop. (Table Vl. ) Ju ne 22d . Early bloom. J uly 7th, F ull flower. 
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of the crude fibre in the whole plant was, . on May 4th, 
12.35 per cent.; from May 4th it increased with each cutting 
until it reached 49.31) per cent., or nearly one half, on Aug. 
24th. The greatest daily gains occurred during the periods 
includ~d between June 1st and July 7th. It will be noticed 
that this covers the entire period in which it is customary 
to cut lucern for curing. It was mentioned under Section 7 
when the subject of the time of cutting lucern was consid-
ered, that during the week from June 8th to June 15th, 
when the plants were budding, there was a total gain of 
dry matter corresponding to six hundred and forty-seven 
pounds of hay. From table VI. we find that, during the 
same period, the crops gained two hundred and eighty-five 
pounds of crude fibre; or, nearly one-half of the total gain 
was but a poor gain. From June 15th to June 22d the gain 
in dry matter was equivalent to a gain of six hundred and 
twenty pounds of hay; of which, however, three hundred 
and thirty-five pounds, or a little more than one-half, was 
crude fibre. During the week from June 29th to July 7th, 
the crop gained four hundred and two pounds of hay, and 
two hundred and ninety-eight pounds of crude fibre. The 
total gain of hay for the three periods is sixteen hundred 
and seventy pounds of hay; which contains two hundred 
pounds of water, and nine hundred and eighteen pounds, or 
nearly two-thirds, of poorly digestible crude fibre. The 
total proportional incre:lse of crude fibre, during the three 
weeks' under consideration, is (28.07-36.77) nearly nine 
parts to a hundred parts of dry substance. It is a fact, . 
therefore, that the gain in dry substance, by postponing 
the cutting a few weeks, is not so large to the feeder as one 
might imagine at first sight. 
Turning now our attention to th e leaves we read quite a 
different story. The total increase of crude fibre in lucern 
leaves, as shown by the per cents. presen t and the total 
weights, is hardly proportional t o the increase in dry sub-
stance. · During the harvesting period the number of parts 
of crude fibre to a hundred parts of dry matter never ex-
ceeds 16, and falls as low as 13.81. As far, then, as tbis 
2,1) 
table can show, we might wish that lucern were all leaves 
and no stalks. 
Passing on the section of table VI. dealjng with stalks, 
we discover what part of lucern gives the high proportion 
of crude fibre to the whole plant. In the stalks the crude 
fibre increases at the rate of six or eight per cent. for each 
week of growth. The most rapid daily gains · occurred be-
tween June 1st and July 7th. The total weight of the crude 
fibre of the stalks increased during the whole season with-
o~t any break; in the last week of the experiment the daily 
gain was from 3.1 pounds in the previous week to 14.1 
pounds. It is of course only natural to find a large amount 
of frame-work materials in the stalks; as they have con-
stant need of rigidity to bear the weight of the plant, and 
to keep it upright, and to resist the action of winds and 
other outside influences. Yet, from the feeder's standpoint, 
it would be best if the crude fibre of the lucern crop could, 
at the time of cutting, be changed back into the starch 
from which it was made. 
The flowers, as regards the crude fibre they contain, need 
not be discussed. 
11. THE CRUDE FAT. 
FIRST CROP. 
Table VII. presents a summary, similar to those already 
given, of the fat found in lucern. Vegetable fats do not 
differ essentially from · animal fats, and certain individuals 
of the class are familiar to most people, as, for instance, 
olive oil and castor seed oil. What part fats play in the 
plant economy is not well understood. It is, nevertheless, 
likely that, since all fats, weight for weight, contain more 
nutritive materials than the starch and other carbohydrates 
of the plant. they are reserve materials that the plants may 
draw upon in case of need. It is further probable that, as 
the starch made in the leaves is carried from place to place 
in the plant, it is partly converted into fats which may aid 
the transference of other substances. 
M~y i~ 
" 18 
" 25 
June 1 
" 8 
.• 15 
" ~~ 
" ~9 
July 7 
" ~O l  27 
Aug. 10 
'" 17 
" 24 
May 4 \ 
" 12 
" 18 
" 
25
1 
June 1 
.•. 8 
• 15 
" ~2 
~9 
July 7 
" 20 
27 
Aug. 10 
" 17 
2~ ' 
M~y l~ 
" 18 
" 25 
June 1 
" 8 
" 15 
'" 22 
•• ~9 
J~!y ~O 
" 27 
Aug-. 10 
.. 17 
" 24, 
June 22 
•. 29 
July 7 
" 20 
27 
Aug. lD 
'" 17 
24, 
2.96 
3 .82 
4.59 
3 .86 
3.40 
3.50 
3.22 
2 . 9~ 
2.27 
2 .07 
1.74 
176 
1.94 
1.41 
1.82 
3 .28 
4 .29 
5.25 
4 .77 
4 .. 19 
5 .34 
4.99 
5.99 
4 .58 
4 .49 
4.1'2 
3 .95 
3 .99 
3 .26 
4.00 
1.59 
2 .54 
2 .99 
2.33 
245 
1.72 
1.86 
0 .94 
0.94 
0 . 6~ 
1.01 
.89 
1.21 
1.06 
1.30 I 
40 
65 
93 
100 
103 
121 
136 
141 
122 
118 
117 
109 
116 
72 
94 
36 
53 
75 
77 
70 
91 
92 
111 
87 
88 
63 
56 
56 
21 
26 
~~ I 23
33 
30 
44 
27 
30 
21 
42 
.), 
51 
44 
SS 
26 
TABLE VII.-First Crop. 
THE FAT IN L UCERN . 
A. In the Whole Plant. 
Condition of the Crop. 
t~ It!:! 1 
+ i + 1.0 
+ 3 +0.4 
+ 18 +~.6 
+ 15 +~ . 1 
He}.ght: ~% in~?es . 
" 8% " 
" 11 " 
" 18 " 
" 28 "Bud bea-inning" to form. 
+ 5 +0. 7 " 35 "Early bloom. 
-19 -~.7 Medium bloom . 
Full flower. 
Full flowe r . 
- 4 -0.5 
- 1 0.0 
- 8 - 1.1 Late bloom . 
+ 5 + 0 .7 Flower. have fallen. Leaves quite dry . 
-44 -6.3 Leaves and a few stalk fall. 
+ 22 + 3.1 No change. Experiment closed . 
+ 17 
+ 22 
+ 2 
- 7 
+ 21 
+ 1 
+ 19 
- ·24 
+ 1 
-25 
-7 
o 
- 35 
+ 5 
+ 7 
+ 6 
+ 5 
+ 10 
-3 
+ 14 
- 17 
+ 3 
-9 
+~1 
- S 
+ 14 
-7 
+11 
B. In the L eaves. 
+ 2 .1 
+ 3.7 
+ 0 .3 
- 1.0 
+ 3 .0 
" 
" 
" I
OReight: 6% inches. 
8 " 
8% 
11 
18 
+ 0 .1 28" Buds beginningto fO l'll1 . 
+~ . 7 35" Early bloom. 
-3.4 Medium bloom . 
+ 01 Full flower . 
1
-·; 0 Full flower . 
- 1:0 Late bloom. 
0.0 Flowers have fallen . L eaves quite dry . 
- 5 .0 L eaves and a few stalks fall . 
+ 0.7 No change . Experiment closed. 
C. In the Stalks . 
+ 0.9 
+ 1.0 
+ 0 .7 
+ 1.4 
-0 .4 
I 
±~: ~ 
+ 0 .4 
- 1.1 
+ 1. 6 
1
-0 .7 
+ 2. 0 
- 1.0 
+ 1.4 
" 
" 
" 
6% inches. 
8 " 
8% " 
11 " 
18 " 
.. 28 " Buds begi.nning to form 
" 35 .. Eal'1y bloom . 
M ed ium bloom . 
Full flower. 
Full flowe r . 
Late bloom. 
Flowers h ave fallen . L eaves quite dry . 
L eaves and a few s talks fall. 
No change . Experime nt c losed ; 
D . In the Flowe rs. 
2 I H e ight 35 inches. Early bloom . 
6 + 4 + 0 .6 \t edium bloom . 
10 + 4 + 0 .5 Full flower 
13 + 3 + 0.3 I F ull flower 
17 + 4 + 0 6 Late bloom . 
10 - 7 - 1.0 Flowe rs have fall e n . L eaves quite dry . 
7 - 3 - 0.4 I Leaves and a few . talk fall . 
13 + 6 + 0.9 No change. Expe riment c losed . 
ar in pOllnd .' per acre. + gain. - 10 
MAY JUNE JULY AUGUST 
-j175~ 8 2/5 8 1/5 212 219 6 2/0 2/7 I/O 117 '24 
150r -r---'-I-l---t-+-t--t-+-+-+----4--+---!--L-.J ~ \j 
~ 
~ C( 
V) 
~ ~ 
Q. 
o 
F-
-=r\ 
\1/ 
I:V 
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To determine the fats in plants, the chemist causes ether 
or gasoline to pass through the dry !>lant. This treatment 
takes out all the fats. But not the fats alone are taken out; 
the green coloring matter of the leaves is also extracted, 
and all waxes which the plant contains. The subst~nces 
obtained from a plant by means of ether or gasoline are, 
therefore, denominated crude, or impure fat. 
When now we examine the table it at once strikes us that, 
as compared with the previous tables, the acquisition of fat 
by t.he plant is very variable. It is true that, when the 
whole plant alone is considered, there is a gradual increase 
in fat from youth to the time of budding and early flower, 
and a regular decrease from then on to the end of the sea-
son; yet, when the parts are considered, there is consider-
able irregularity. In the leaves, to beg-in with, the column 
giving the parts of crude fat in a hundred parts of dry 
matter is very irregular, though the general ·tendency is to-
ward a decrease, as the plant grows older; the crude fat of 
the leaves, however, is largely made up of leaf green and 
that will in general vary with the activities of the plant. 
It may be worthy of notice that the variations in the total 
weight of crude fat in the leaves, correspond, roughly, to 
the daily gains of dry matter for the different periods. 
In the stalks the crude fat is more nearly pure fat. In 
them, the total weight of fat increases at the end of 
the period; in fact, the greatest total weight of fat is found 
in the last cutting, when most of the leaves and flowers 
have fallen. The highest daily gain occurred from June 
8th to June 22nd, when the flowers were forming. A daily 
gain almost as great occurred during the week ending 
August 10th, when all growth had ceased or was about to 
cease. The fat, occurring as it does ,in such small propor-
tions in all fodder crops, is not of any great interest to the 
farmer; though there is no doubt that, in the plant, it ful-
fills many important offices-
The proportions of crude fat in the flowers stands be-
tween those of the stalks and the leaves falling nearer the 
former. On August 24th, when most of the flowers had 
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fallen and only flower stems and a few seed pods remained, 
the proportion of fat, but not the absolute amount, was 
largest. This seems to imply that the fat of flowers lodges 
chiefly in the flower stems. and is increased when the flowers 
ri pen in to seed. 
12. THE CRUDE PROTEIN. 
FIRST CROP . 
We have now come to the constituents of lucern that are 
spoken of as having the highe~t importance for the farmer: 
the nitrogenous substances, or the flesh formers . The 
starch, crude fibre and crude fat, that we have considered, are 
composed of the elements carbon, hydrogen and oxygen; 
but are entirely free from nitrogen. Now all flesh, all animal 
bodies, contain ahigh proportion of nitrogen; and an animal 
can not produce flesh unless it eats food containing nitro-
gen. Starch or crude fibre, eaten by an animal, may enable 
it to lay on fat and will furn\sh much of the heat necessary 
for work; but they cannot replace a particle of broken down 
muscle, or make good the smallest loss of flesh. The nitro-
genous constituents therefore, from the feeder's standpoint, 
stand first in importance. 
It may be well, before we pass on to the discussion of the 
table, to consider briefly the manner in which plants obtain 
this all-important element, nitrogen. Among the many 
ingredients of the atmosphere we find ammonia, which con-
tains a high per cent. of nitrogen. When ammonia comes 
into contact with the leaves of the plant, some of it is taken 
up and carried into the structure of the plant, to be made 
use of as needed. The amount of nitrogen thus obtained 
by the plant is, however, so small as to be of no conse-
quence to the plant, if it can obtain its nitrogen in other 
ways. The most generally important source of nitrogen 
for 'plants is the soil. In the soil are found the decaying re-
mains of plants and animals, which contain considerable 
quantities of nitrogen; the rocks from which the soil has 
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been made usually contain an appreciable amount of nitro-
gen; and every rain washes from the atmosphere into the 
soil small quantities of nitrogen compounds. 'l'hen the 
roots foraging for food and sending out shoots here and 
there in their quest take up by means of an apparatus car-
ried by all root hairs, wherever and whenever they can, 
bodies containing nitrogen. But, it may be asked, since it 
is a well known fact that four-fifths of the atmosphere is 
pure nitrogen why does not the plant take this element di-
rectly from the air? The reason is simply this: That a1l 
the higher plants can take up nitrogen only when it is com-
bined with other elements. The leaves can take it up 
when it is united with another element to form ammonia; 
and the roots prefer it when it is combined in the form of 
'nitrates as, for example, saltpeter. Yet there are plants, 
as recent experiments have demonstrated, that, by slightly 
indirect means, can take nitrogen from the air. 
Among the many microscopic orgoanisms discovered in 
the latter days and shown to be the cause of many subtle 
material changes, some exist with the power of eating free 
nitrogen, or of taking nitrogen from the air. They, the 
nitrogen eaters, will live , on the roots of certain plants, 
though, as far as our knowledge goes at present, not on all. 
vVhen a plant is fortunate enough to meet the demands of 
the nitrogen eaters its supply of nitrogen compounds is 
assured, if all other conditions are favorable. The minute 
organisms will settle on the roots of the plants and, by 
means yet unknown, will cause the nitrogen of the air 
surrounding the roots to enter into combinations that will 
be acceptable to the plant. This, however, is not done 
without a just return. The minute organisms need for 
their well being such organic substances as the plants can 
produce; these are taken from the roots of the plants, and 
the organisms are thus seen to be parasites on the plants. 
The plants to which these "nitrogen eaters" will attach 
themselves are the members of the leguminous ~amily; im- , 
portant members of which are the' pea and lucern. 
We have now considered in a very elementary manner the 
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importance of the nitrogenous compounds of a plant to the 
farmer, and the sources on which a plant depends for its 
supply of nitrogen. Since it is a fact that several different 
kinds of nitrogenous substances are found in all plants, we 
may now logically ask : are all the nitrogenous substances 
fGund in plants of equal value as flesh formers? 
The answer to the question of the last paragraph is em-
phatically, no. All the bodies containing nitrogen in any 
plant may be divided into two classes; those that may be 
used by an animal in building muscular tissue, and those 
that may not. The first class is made up of several mem-
bers which resemble each other in composition and in general 
behavior. They all, further, resemble the white of an egg 
or albumen, and are, therefore, called albuminoids, like al-
bumen. The other class of nitrogenous SUbstances may be 
called, as in section 3, non-albuminoids. 
In the study of the albuminoids, it has been found that 
they weigh very nearly six and a quarter times as much as 
the nitrogefi the} contain. Since the non-albuminoids 
usually are present only in small qua.ntities, the chemist 
very often determines all the nitrogen a plant contains and, 
after multiplying it by six and a quarter, calls it Crude 
Protein. Table VIII. gives the data. obtained for crude 
protein; its chief value is that it gives us a direct measure 
of the nitrogen present in the lucern crop. It must be re-
membered that the crude protein consists of albuminoids and 
non-albuminoids. The total weights of non-albuminoids in 
the crude protein are given in the last column of the table;. 
the weights of albuminoids will be found in Table IX. 
An examination of Table VIII. reveals immediately that 
the formation of crude protein, in the whole plant, does not 
keep pace with the increase in dry matter; but that, as soon 
as the crop is in early bloom, the proportion begins to de-
crease. The greatest total and daily gains were made dur-
ing the period when the plant was young; and the greatest 
weight of the acre crop-seven hundred and eighty-seven 
pounds-was found in the cutting of June 22d, when the 
crop was passing into medium bloom. 
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T ABLE VIIl.-First Crop. 
'.fHE CRUDE PROTEIN IN LUCERN. 
A. III the whole plant. 
~~y i4 ~:gg 474 + 86 1+1O.8 1 1~~ 
., 18 44 .44 489 + 15 + 4.5 181 
" 45 44 .69 638 -149 - 21.3 200 
June 1 42.98 697 + 59 + 8.4 473 
" 8 19 89 68 - 11 - 1.6 267 
" 15 17.24 730 + 44 + 6.3 169 
., 42 16.30 787 + 57 + 8. 1 170 
" 29 14 .03 754 - 33- 4.7 100 
J~~y 10 ~i:~i ~6~ = 3~ = 5:~ ~~ 
" 271 10 .371 6421 - 65 - 9.3 71 Aug. 10 10.74 644 + 2 + 0.1 94 
., 17 8 .65 443 - 1 - 0 .1 61 
" 24 8 .31 4~ - 15 - 2.1 48 
6 25 
8 .73 
8. 96 
7 .73 
900 
7 .75 
3 .99 
3.53 
1. 86 
1.42 
0 .92 
0.98 
0.95 
1.19 
0.93 
Condition of the Crop. 
H et.ght : 6~ irt~~es . 
8 
., 8~ ,. 
" 11 " ,. 18 " 
" 48 •• Bud begiuLling to form 
Height: 35 inches . Early bloolU . 
Medium bloom. 
Full flower . 
Full flower. 
Late bloom. 
Flowe rs have falle n. Leaves q uite dry 
Leaves and a few s tat1{s fall. 
No change . Expe rime nt closed . 
B. In the L eaves . 
M,~Y i21 ~g : ~ 1 ~~i l + 53 + 6.61 ~~ I 
" 18 26.38 376 + 4 + 0.7 135 
" 25 28.15 454 + 78 + 11.1 123 
June 1 26 ,34 439 - 15 - 2 .1 162 
" 8 44.40 419 -- 20 - 2 .9 151 
" 15 25 .09 472 + 53 + 7 .6 69 
" 22 24.05 447 - 25 - 3.6 103 
" 49 41. 26 398 - 49 - 7 .0 48 
5 .59 \ Height: 6
8
' ~ iLlc,h,e . . 
8 .84 " 
937 " 8~ 
7.64 " 11 
9.73 
8. 76 
344 
5. 0 
4 .57 
3 .84 
0 .78 
7.89 
4 .26 
4.05 
2 .16 
18 
Height 28 inches . Buds begil1tling to f o rm . 
Height 35 inches. Early bloo m. 
M edium bloom . 
July 7 20 .40 369 - 2 - 0.3 46 
" 40 19.39 298 - 98 - 7.1 141 
" 27 18. 36 458 401 5 7 46 
Aug. 10 40 .71 287 + 29 + 2:1 31 
" 17 21.57 141 -146 - 20 .9 271 
" 24 17.33 114 - 29 ,- 4 .1 14 
Full flowe r . 
Full flowe r . 
Late bloom. 
Flowe rs have f a lle n. L eaves q u ite dry . 
L e a ves and a fe w s talks fall. 
N o cha nge. E x perime nt closed . 
M~y ~ 22.45/ 62 I 
" i~ i~ : ~~ ~~~ + i~ + i·.·g 
" 25 18 .90 184 + 71 + 10 .1 
JLlne l 18 91459 + 75 + 10.7 
" 8 15.40 268 + 9 + 1.3 
" 15 10 .85 258 - - 10 - 1.4 
" ' 22 10.74 305 + 47 + 6 .7 
" 29 9 .00 2 8 - -17 - 2.4 
July 7 8 .75 300 + 12 + 1.5 
" 201 7 .52 3~~ + 8 + 0.6 
" 47 6 .29 263 - 45 - 6.4 
Aug.10 6 .20 2641 + 1 + 0 .1 
.• 17 6 .04 251 - 13 - 1.9 
" 24 5 .78 243 - 8.-- 1.1 
J une 2,21 26. 18 
" 29 23.40 
July 7 40.10 
" 20 23 .04 
" 27 19 .25 
Aug. 10 26 R9 
" 17 16.]6 
" 24 23 .78 
28 
68 
72 
102 
no 
92 
51 
74 
+ 40 + 5.7 
+ 4 + 0 .5 
+ 30 + 2 .3 
+ 18 + 2.6 
- 28- 2 .0 
- 41-- 5 .9 
+ 23 + 3 .3 
C. In the Stalks. 
24 8 .791 H e ig h -t ;-6:-:~-;-_ -:i:-n-c'7h-e-s'-. - ------- -
4~ 1~ .931 ., 8 " 
4.:: 7 .64 " 8~ " 
i7 8.97 " 11 " 
114 8 .15 " 18 " 
117 6 .73 
943 .971 H e ight 28 inche Budsbegil1nil1g' tofo rl1l. 
52 1. 85 Height 35 inches . Early b loom . 
28 0 .83 M edium bloom. 
13 0.40 Full flowe r . 14 0 .29 Full fl o we r . 
S 0 .18 Late bloo m . 
24 O. ~S Flower have falle n . L eave qu it dry . 
301 0 74 ::'eaves and a f e w s talks fall . 
17 0.381 N o c h a nge. Expe rime nt closed. 
D . In the Flowe rs . 
3 8 .27 
23 7. 89 
19 5 .16 
32 7 .33 
36 5.74 
40 11. 82 
4 1.36 
19' 6. 49 
H e-:i-g'7h-t- 3="5=C-:-i I-lc....,h:-e- s-· .-:E:O;-a-r -=-ly b 100 111 . 
Medium bloom . 
Full bloom. 
Full flo we r. 
Late flo \'ve r . 
Flowe rs have fall e n . L eave. qu ite dry . 
Leave ' and a fe w s talks f a ll. 
No change . E x pe rime nt closed. 
"'All wel<Thts a re 111 pounds pe r a c re. t + means gam-mean s Ius ' . 
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Turning to the leaves and comparing th~m with the 
stalks, we see that, on May 4th, five-sixths of the total crude 
protein was found in the leaves; that, at budding time, 
nearly nine-sixteenths, or more than one-half, was in the 
leaves, and that eight thirteenths, or more than one-half, 
was found in the leaves at the first period of full flower. 
When it is remembered how great the likelihood of losing 
the leaves of lucern is, under improper methods of curing, 
this observation is well worth the serious consideration of 
the farmer. ' 
It may be asked, why, after June 22d, when neither leaves 
nor flowers had fallen, there was total disappearance of 
some of the crude protein? In answering this question we 
need remember that a few leaves fell every week from June 
22d; but, as that would not account for the loss, we must 
assume that some of the nitrogenou~ substances have been 
drawn down into, the roots. The experimental error, it is 
needless to say, will account in many cases, for small irreg-
ularities. 
The columns dealing with the non-albuminoids are full 
of interest. Starting with the whole plant let us first note 
that the greatest gains of non-albuminoids were made in 
the six earliest periods of the plant's history, and that the 
maximum weight of non-a1buminoids for an acre was reached 
during the week between June 1st and June 8th, a few days 
before the flower buds appeared. It seems from this as 
if the nitrogen were brought into the p1~l1t in the non-al-
buminoid condition and, during the flowering period anrl 
after, were largely conv:erted into albuminoids. It is a 
noteworthy fact that, during the last' five weeks of the 
plant's life, the per cent. of non-albuminoids remained con-
stant, thereby implying a certain amount of fixed non-al-
buminoids. 
In the sections for leaves and stalks, the irreg ularity in 
the proportional amounts of non-albuminoids in the leaves 
a.nd the regularity ~ith which they decrease in the stalks 
are the most striking facts. It is also to be observed that, 
compared with the crude protein, the amounts of non-al-
35 
buminoids in the stalks and leaves more nearly approach 
each other. This is to be expected, as most probably the 
nitrogen compounds come from the roots, through the stalks, 
to be elaborated into albuininoids in the leaves. 
In table VIII., as in the previous tables, the section re-
lating to flowers is largely self-explanatory and needs no 
particular comment. 
13. THE ALBUMINOIDS. 
FIRST CROP. 
Concerning the albuminoids, the most important con-
stituents of crude protein, we may first observe, in Table 
IX., that in the whole plant there is a constant, gradual, 
increase from youth to maturity. The first decided loss oc-
curred a week or so before the flowers fe11; the second with 
the loss of the flowers and leaves. The greatest absolute 
and daily gain was made during the week from June "Sth to 
June 15th, when the flower buds were coming out. From 
that time large additions of albuminoids were made, until 
July 7th when the gain was insig-nificant. The proportion 
of albuminoids, which had been about 65 parts in 100 part 
of crude protein, suddenly rose with budding to 77 parts; 
with early bloom to 78 parts, and with medium bloom to 86 
parts. The absolut~ gains of albuminoids by the whole 
plant, during the cutting perio.d, are 110t remarkably large, 
but large enough, considering the value of the albuminoids, 
to postpone the cutting to the week of first full flower if 
there are no counterbalancing factors present. 
Comparing now the quantities of albuminoids in the leaves 
with those in the stalks, we find 'the fact emphasized tha.t 
the leaves are the most important feeding pordon of lucern. 
During the harvesting period, from budding to fu11 flower, 
the leaves contain from three to one and one-half times as 
much albuminoids as do the stalks. 
The last column of the table is interesting, as it shows, 
directly, the periods in which the albuminoids were pro-
duced most rapidly. 
" 
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May 4 
" 12 
" 18 
, . 25 
June 1 
, 8 
" 15 
" 22 
" 29 
July 7 
" 20 
" 27 
Aug. 10 
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TABLE IX.-First Crop. 
'TH E ALBUMINOIDS I N J .. UCEIOI. 
A. In the Whole Plant. 
Condition of thc Crop . 
~~:{~ I 5~~ I + 30'\ + 3.81 ~~:~~ 
15 .28 308 - 18 - 3 .0 63.04 
~~:~~ I !~ ±1f~ I ±1~ : 6 ~g : ~~ 
12 .14 41q - 5 \ - 0. 7 6104 
13 .23
1 
501 + 142 + 20.3 76 .t13 H e iO'ht,28 inclles. Bud beo-innin g' 
to form. 
12 .77 617 + 56 + 8 .0 78. 34 · Height, 35 illclles. Early Bloom. 
12 .17 654 + 37 + 5.3 86. 74 Medium bloom. 
11 .57 (,63 + 9 + 1.1 70 .75 F ull flower. 
10 75 I 652 - 11 -- 0.8 92.12 Full fl ow e r. 
H e ight: 6~ inc h es . ("- 8 lI "· 
" 8}~ " 
" 11 " 
" 18 " 
dry . 
9 ' 39 1 571 - 81 --11.4 90 .55 Late bloom. 
9 :79 548 - 23 -- 1. 8 91.16 lFIOwers ha,e falle n . L eaves quite 
17 7.46 382 - 166 -23 .7 86. 24 L e a ves and a few stalks fall. 
24 7 .38 380 - 2 - 0.3 88.81 No change . Experime nt closed. 
----'-----
May 4\ 
" 12 
" 18 
" 25 
Jun e 1 
" 8 
" 15 
B. In the L e aves . 
23.75 I 258 I I 21. 0 273 + 15 + 1. 9 
17. 01 241 - 32 - 5 .3 
i~:~~ ~~ ± ~ ±l~ :i I 
15.64 268 - 9 - 1.3 
21. 65 403 + 135 + 19 .3 H e ig ht 28 il'lche.·. Buds begil1nini, 
He,i{~'ht : ~~ inc,~cs. 
" 8~ " 
" 11 
" 18 
to fOI'm, :: ~~I i~:~ ~~ + ~1 + t~ ~~:~ ~~1i~~:~~~~~~s . Early bloo m. 
July 7 16 .56 323 -- 27 - 3 .4 81.18 Full f1 o,Ycr. 
" 20 18.61 286 37 - 2 8 95 .98 Full f1lowe r. 
" 27 11 .57 232 -54 - 77 63.02 1 Late bloom. 
Aug. 10
1 
18 .45 256 - 24 - 1:8 1 89 .09 Flow e r have fallen . L eaye quite 
" 17 17 .52 114 142 203 81.22 L eaycs a nd a fe w s t a lks fall. I dry . __ '_'_2_4 ___ 1~- .~1~7~ __ ~9~8 __ == ___ 16~_-_~2_: 3_1~87~1_.~54~_N __ o_c_h_a_11~g~e._._E_4x_·~p_e_ri_m_e_l_lt __ c_lo_)s_,e_d_. ___ 
May 4 
" 12 
, 18 
,,' 2S 
June 1 
" 8 
" 15 I 
:: ~~ 1 
July 7 
" 20 
'" 2~ 
Aug. 10 
.. 
., 
17 
24 
n:~~ 1 11 .11 
9.93 
10 .76 \ 8.67 
6 .88 
8. I) 
8. 12 
8 .35 
7 .23 
6.11 
5 .62 
5.30 
5.40 
38 
53 
68 
107 
147 
1St 
164 
253 
260 
287 
296 
255 
240 
221 
226 
+ 15 
+ 15 
+ 39 
+ 40 
+ 4 
+ 13 
+ 89 
+ 7 
+ 27 
+ 9 
- 41 
- 15 
- 19 
+ 5 
C. In the Stalk 
+ 1. 9 
+ 2 .5 
+ 5 .6 
+ 5. 7 
+ 0.6 
+ 1. 9 
+ 12.7 
+ 1.0 
+ 3.4 
+ 0.7 
- 5 .9 
- 1. 0 
- 2 .7 
+ 0.7 
' 60.85 / 51.57 
5925 
H e,i,ght : 6~ Incbes. 
8 " 8~ " 11 " 18 ,. 
56.30 ~.ro I' 
. 63. 41 H e ight 28 inches . Bud. beginning 
to form . 
82.78 H e ig ht 35 in c h . . Early b loo m. 
90.22 M edium bloom . 
~~.1~ I ~~~t ~~~~~~: 
97.14 L ate bloom. 
90.65 jFlowen; hayc fallen. L eayes quite 
dry . 
87.75 IL eayeS and '<! fe w s talks fall . 
93.42 N o c h a ng-e . Expe riment c losed . 
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TABLE IX. (Cont'd.) 
D. In the Flowers. 
June 221
1
17.91 25 I I 08.41 1 Early Bloom. 
" 29 15 .51 45 + 20 + 2.9 66 .28 Medium bloom. 
July 7 14.94 53 + 8 + 1.0 74.33 Full flower. 
:: ~~ g:~~ ~~ =t~J =t~ : ~ *g : ~~ I r~!~ t~:oe:;. 
Aug. 101 15.07 52 ~32 - 2.3 56 .04 1 Flowers have fallen. Leaves quite 
I 
dry. 
" 17 14.80 47 - 5 --0.7 91.58 Leaves and a few stalks fall. 
" 24 17 .49 55 + 8 +1.1 73:55 No change. Expe riment closed . 
. - -- '--~--~~--------~------~----~--------------
*All weights are in pounds per acre. + gain. -loss . 
14. THE CRUDE ASH. 
F IRST CROP. 
The incombustible portion, 'or ash, of lucern bears im-
portant relat~ons to all the changes which the crop under-
goes. To treat of these relations, we must determine the 
constituents of the ash. The report of that work will be 
given in a future bulletin. 
May 4 
•• 12 
" 18 
.. 25 
June 1 
" 8 
" 15 
u 22 
.. 29 
July 7 
" 20 
'" 27 
Ang.10 
•. 17 
" 24 
12.25 
11.19 
11.61 
11 .73 
12 .16 
11.56 
11.65 
11 .10 
9.00 
8 .04 
8. 15 
7 .31 
i.07 
6 .66 
6.04 
167 
191 
234 
303 
369 
399 
494 
536 
484 
461 
472 
454 
423 
341 
311 
TABLE X.-First Crop. 
+ 24 
+ 43 
+ 69 
+66 
+ 30 
+ 95 
+ 32 
- 52 
-23 
+ 11 
--18 
- 31 
- - 82 
- -30 
THE ASH IN LUCERN. 
A. In the Whole Plant. 
+ 3.0 
+ 7.2 
+ 9 .9 
+ 9.4 + 4'.3 
+ 13.6 
+ 4.6 
- 7.4 
~ 2.9 
+ 0.9 
- 2 .6 
- 2 .2 
- 11 .7 
- 4.3 
Condition of Crops. 
HeiKht: 6~ jtlcl~~s . 
.. 87!! .. 
.. 11 •. 
~. 18 " 
.. 28 " Buds beginning to form. 
.. 35 " Early bloom. 
Medium bloom . 
Full flower. 
Full flower . 
Late bloom. 
Flowers have falle n. Leaves quite dry. 
L eaves and a few stalks fall. 
No change. Experiment closed. 
May 4 
4' 12 
" 18 
" 25 
June 1 
" 8 
" 15 
" 22 
" 29 
July 7 
" 20 
" 27 
Aug. 10 
"" 17 
" 24 
May 4 
H 12 
" 18 
" 25 
June 1 
.• 8 
• 15 
~, 22 
" 29 
July 7 
" 20 
" 27 
Aug. 10 
" , 17 
" 2~ 
June 22 
•. 29 
July 7 
" 20 
" 27 
Aug. 10 
" 17 
" 24 
12 .14 
11.41 
11 .96 
12.41 
12.73 
12 .56 
14.49 
14 .33 
11 .94 
11 .50 
13.48 
11 .58 
11.44 
10 .99 
13 .26 
12 .74 
10 60 
1073 
10 .63 
11.49 
10.33 
9.42 
9.01 I 
7.19 
5 .93 
5.47 
5 .60 
5 .53 
5 .85 
4.76 
10 .56 
970 
9. 24 
9.20 
9 .22 
8.56 
8 .35 
8.21 
132 
143 
169 
200 
212 
215 
270 
266 
226 
224 
207 
163 
159 
72 
86 
35 
48 
65 
103 
157 
184 
224 
256 
230 
204 
224 
234 
235 
243 
200 
14 
28 
33 
41 
57 
29 • 
26 
25 
39 
TABLE X. (Contd. ) 
+ 11 
+ 26 
+ 31 
+ 12 
+ 3 
+ 55 
- 4 
- 40 
- 2 
- 17 
- 44 
- 4 
- 87 
+ 14 
+ 13 
+ 17 
+38 
+ 54 
+ 27 
+ 40 
+ 32 
- 26 
- 26 
+20 
+ 10 
+ 1 
+ 8 
-43 
+ 14 
+ 5 
+ 8 
+ 16 
-28 
-3 
-1 
B. In the Leave . 
+ 1.4 
+ 4 .3 
+ 4.4 
+ 1.7 
+ 0.4 
+ 7.9 
- 0.6 
- 5.7 
- 0 .2 
- 1.3 
- 6 .3 
- 0 .3 
- 12.4 
+ 2.0 
Condition of Crop. 
HeJ.ght: ~% in~pes . 
" 8% " 
" 11 " 
" 18 " 
" 28 " Budsbeginning to form. 
" 35 " Early bloom. 
Medium bloom. 
Full flower. 
Full flower . 
Late bloom . 
Flowe rs have fall e n. Leaves quite dry. 
Leaves and a few s talks fall. 
No change. Experiment closed. 
C. In the Stal1(s. 
-t1.6 
-r2 .8 
+ 5.4 
+7.7 
+ 3.9 
+ 5.7 
+4.6 
- 3.7 
-3.3 
+ 1.5 
I 
+ 1.4 
+0.1 
+ 1.1 
-6 .1 
Height: -6% inches 
" 8 '" 
" 8% •• 
" 11 " 
" 18 " 
Height,28 inches . Buds b eginning to form. 
Height, 35 inches . Early bloom. 
Medium bloom. 
Full flower. 
Full flower. 
Late bloom. 
Flowers have fallel1. Leaves quite dry. 
Leaves and. a few stalks fall. 
No change. Experiment closed. 
D. In the Flowers. 
Height 350inches. Early bloom . 
+ 2.0 \Iedium bloom. 
+ 0 .6 Full flower. 
+ 0.6 Full flower. 
+ 2.3 Late bloom. 
- 2 .1 Flower have fallen. Leaves quite dry. 
-0.4 Leaves and a few s talks fall. 
-0.1 No change . Expe riment clolled. 
*All weights are in pounds per acre. + gain. - loss. 
Before leaving the tables of the first crop, we may note 
that the ash is greatest in total weight, in the whole plant 
and in each of its parts, during the periods of flower forma-
tion. It may further be noticed that, after the.first periods 
of growth, the per cent. of ash in the leaves is, invariably, 
higher than that of the stalks. 
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THE SECOND CROP. 
15. GENERAL. 
On June 20th, when the lucprn was in early bloom, one 
half of the field was mowed. Fot" two days no visible 
change occurred, but on the third, new shoots could be seen 
coming forth on most of the stubble. The second crop 
made such rapid growth that, nineteen days after cutting, 
buds were forming, here and there, throughout the field. 
On July the 8th, the first cutting was made and until Sep-
tember 7th, when the experiment closed, successive cut-
tings were made w~ekly. All methods of work were the 
same as those followed in the study of the first crop. The 
following tables, constructed like the preceding ones, will 
repay a close and careful study. 
To prevent any unwarranted inference, it may be said 
that the north half of the field, which carried the second 
crop, seemed to be more thinly seeded than the south end, 
which carried the cuttings of the first crop. While this 
difference was so small as to be noted only by those making 
a close study of the field, yet it is possible that the differ-
ence in yield between the first and second crops may be 
magnified by this circumstance. 
The weights of green mat,ter to the acre havp. not been 
tabulated. Anyone who desires to know the water con· 
tent of the plant and its parts at the time of cutting are re· 
fered to table XXVII. in the appendix. 
The discussion of table XI. on the proportion of leaves to 
stems will be found und,er section 24. 
Jul 7 
" 14 
" 20 
" 27 
Aug.3 
" 10 
., 24 
Sept. 7 
48.97 
43.71 
42 .36 
36 .81 
'35 .11 
35.19 
36 .37 
30.51 
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T ABLE XI. -Second Crop. 
PROPORTION OF L EAVES STALKS AND FLOWERS. 
5103 
.54. 58 
50.79 
55. 57 
51.62 
60.78 
65 .24 
67 .02 
1.71 
6 .85 
7. 62 
13.27 
4 .03 
1. 61 
2.47 
Condition of t h e Crop. 
B uds beginning to for m. 
Early bloom . 
Medium bloom . H eight 28 inches. 
Full flowe r . 
Full flo wer . 
Flowe rs dry a nd droppin g , 
L eaves dry. 
L eaves have fallen . 
16. THE DRY MATTER. 
SECOND CROP. 
During the first nineteen ·days of its growth, from June 
20th to July 8th, the second crop made a total gain of 1695 
pounds, or a daily gain of 89 pounds of dry matter to the 
acre. On July 8t.h one fourth of the field, or perhaps more, 
was budding; the next few days, during early bloom, th e 
crop gained 955 pounds of dry matter to the acre, corre-
sponding to a daily gain of 136 pounds. This was the maxi-
mum rate of growth of the plant; and it occurred about the 
stage in the life of the plant at which the maximum daily 
gain of the first crop occurred. During the next six days, 
while the plants were in medium bloom, the crop gained 429 
pounds, corresponding to a daily gain of 72 pounds. The 
two next weeks, which were the weeks of full bloom, the 
weekly gains sank to about 400 pounds, and from then on 
the plant gained nothing. This will be observed to be ex-
actly the same as took place, at corresponding periods, in 
~he first crop. 
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F ull F10 we r. 
Juh' 7 16 .71 June 20 1 
,,' 14 20.23 
" 20 20.8') 
•• 27 f ZZ .53 
A~g'~o l ~: :~~ 
" 24 26 .54 
e pt. 7 28.77 
June 20 1 july 7 
" 14 
" 20 i 
" 27 
AU<T . :> 1 
•. 1° 1 
H 24 
~ept . 7 
1695 
2&50 
3079 
3461 
3868 
3 78 
3G15 
3011 
830 
1159 
1304 
1273 
1327 
1365 
1314 
919 
TABLE XII.-Secund Crop. 
TH E DRY MATT E R IN L U C E R N. 
A. In the Who le Pl a nt . 
+ 1(,1)-
+ 955 
+ 429 
t ~~1 + 10 
-- 263 
- G04 
+ 
8301 + 329 
+ 145 
31 
+ 54 
+ :;., 
- 51 
-- 395 
Co nditi o n of the Crop. 
+ 31) Buds beginnin g to fo rm . 
+ 136 Early bloom. 
+ ~~ Me dium bloo m . H e ig ht : 28 iI1 c h e!'<. 
+ ::J::J Full fl o we r. 
+ 59 Full flo we r. 
+ 2 \ Flo we rs dr,)' a nd droppin g . 
- 19 L e a..-es dry . 
- - 43 I.e a ves lJave f a ll e n . 
---------------------
B. In the Lea,es. 
-1-44 Buds legi nning' to fo rm . 
+ 39 Early bloo m. 
+ 24 M edium b loo m. H e ig ht: 2 in c h e!'< . 
- 4 Full flowe r. 
+ 8 Full flowe r. 
+ 5 Flo we r dr,)' and d ropp i n g . 
- - 4 Leaves dry 
-29 l e a ves h ave f a ll e n. 
------------------
44 
TABLE XII. (Ccmtd. ) 
C. In t he Stall<s. 
---.--=-====~==:===== ============-~ ig§ ~ ~~ . I ~g·r .~~! 
Co nditi o n of t ue Crop. ~ bD IH] ~ ~gj II~:~~ ~~~i 
0 = P.ol ~::: 8 8~CI!;U CI!~CI!;U }~f;~O I :9~~ 1 · * ~~s I ::: IO::P. 1.B UdS beg- in nin g to for lll . 
" 14 23.20 1447 + 582 + 83 'Early b loom. 
" 20 41. 59 1564 + 117 +19 Medi um b loom. H e ig h t 28 in ches. 
" 27 29.39 19241 + 360 +~1 F ull Hower. 
Aug. 31 33.23 19-2 + 28 1 + 4 I Full flowe r . 
" 10 34.56 2357 + 405 + 58 F lowers d ry a nd dropping. 
" 24 33.58 2243 - 114 - 8 Lea~es d ry . 
. Sep t. 7 36. 11 2018 -225 -16 I eaves h ave fa lle n . 
Joty 14 1 25 .58 1 45 I + 45 " 20 39.23 211 + 166 
" 27 18 .18 263 
[ 
+ 52 
A ug . 3 22.09 I 502 + 239 
" 
10
1 
24.98 157 -345 
,. 24 28.43 58 - 99 
Sep t . 7 35 .35 75 I + 17 
D . In the F lo wers . 
+ 28 
+ 8 
+34 
- -49 
- 7 
+ 1 
Early b lo om . 
Med iu m b loom. Heigh t 28 in ches. 
F ull flow er. 
F ull flow er. 
F lowe rs d 
I.eaves dr 
Lea~es h a 
ry a nd d roppi ng. 
y . 
vc fa ll e n . 
*All weig hts a re in pounds per ac re. + gain , -loss . 
F our weeks atter budding, when the plants had been in 
full flower for about two weeks, the flowers began sud-
denly to dry , and in less than a week the greater portion 
had fallen. The leaves, unlike the leaves of the first crop 
a t the t~me the flowers were dropped, still looked healthy; 
but. about a week later, they, too, began to dry; and on 
August 24th nearly all were dry and many h ad fallen. It 
is unexpected to notice that on August 10th, when the 
flowers h ad suffered a total loss of 345 pounds, the whole 
plant had made a total gain of ten pounds. The observa-
tion would lead one to believe that the flowers , before fall-
ing,sent some of their dry matter into the stalks. 
In the section of table XII. devoted to leaves we find 
that, after the plant is in full flower , the g ains of dry matter 
made by the leaves are insignificant. It is worthy of notice 
that the lea ves never form less th an one-third of the total 
dry matter of the crop. The highest t otal and daily gains 
were made during the first period of the growth of the crop, 
and the highest loss in the second week following the fall-
ing of the flowers . 
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The stalks that, up to August 10th, had been making de-
cided gains of dry matter, began from that date, owing no 
doubt to the withdrawal of substances into the roots, to 
show a small weekly loss. 
The flowers of the second crop made their most rapid 
growth during the fourth week after budding. Immediately 
following this maximum growth they began to wither and 
drop to the ground. The process of flowering, in the sec-
ond crop, is crowded into a shorter period, and the changes, 
therefore are made more suddenly than in the first crop. 
The remarks made under the section Dry Matter, in the 
first crop, may be repeated for the second crop. If there are no 
other changes, every week the cutting is postponed means 
to the farmer a considerable gain of ha.Y. 
17. THE NITROGEN-FREE EXTRACT. OR 
STARCH, Etc. 
SECOND CIWP. 
The nitrogen-free extract of the second crop is, in the 
whole plant, period for period, proportionally a little less 
than in the first crop. The crop gains in the total amount 
during the growing period up to the falling of the flowers 
on August 10th. The nitrogen-free extract of the leaves is, 
in the second crop, from two to four per cent. higher than 
in the first crop. In 1:he stalks, however, the reverse holds 
true, with the exception that the last two cuttings unex-
pectedly increase two and one half per cent. The flowers 
in this crop, as in the first, are shown to have the highest 
proportional quantity of nitrogen-free extract. 
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TABLE XIIl.-Second Crop. 
NITROGEN-FREE EXTltACT. 
A. In the Whole Plant. 
---- - ----=;:-=::::::==;==:=:== ========= 
- ~ 8 1: ~ t: U ~ b-6 ~ b.D ~ I X be 
Condition of (he Crop 
U .~~ .... e .~~~ g ~ .~~ ·C ~.~~·C 
..... Z:: 0 Q) Y e x ~ .= Z ::I .;;; Z ::I . 
o 1; ~ .- ..... ~ ~ ;<;: ~ 15 ~ i; ~ A 0 ..... ~ A .0 
~. .;: 0 oj ...... Z::I ';:.0 0";:: 0 
fi1 !i ~ t>2~ ~ 4)00 ~ ~ ~+J.~ ~~ 0 t·C 
;l. bJ! .... p..(IJ ~ 0 ..... . - 8~ bJ!!;p.. A~ ~ .... p.. A ~ ; Qi r: ~.g 0 ..... e::: '0 0 Qi ~ ~ 'c;j 0 ~ r: d) I 
June 40 ----- ----- ------- ------- -..~------
July 7 38.75 657 + 657 + 37 Buds beginning to fo rm . 
• , 14 38.80 1048 + 371 + 53 Early bloom. 
20 37.03 1140 + 114 + 19 Medium bloom. Height 28 inches. 
47 40 .. 14 1389 .+24.9 + 36 Full flower. 
Aug. 3 40.45 1549 + 140 + 20 Full flower. 
" 10 40.90 1586 + 57 + 8 Flowers dry and dropping. 
.• ')41 41.05 1484 - ·104 - 7 L eave drv. 
Sept. 7 L eaves have fallen. 
June 40 
July 7 
" 14 
.. 20 
" '2,7 
Aug.3 
" 10 
,. 24[ 
Sept. 7 
44 .44 
43 .83 
43 .64 
49. 41 
45.42 
49.04 
41).75 
369 
508 
569 
649 
603 
669 
654 
B. In the L eaves . 
-1-369 
+ 139 
+ 61 
+ 60 
- 46 
+ 66 
-15 
+ 41 
+ 40 
+ 10 
+ 9 
-4 
~9 
- 1 
Buds beginning to form. 
Early bloom. 
Medium bloom. Height, 48 inches. 
Full flower . 
1" u11 flower. 
Flowers dry and dropping. 
Leaxes dry. 
L eaves have fall e n . 
C. In the Stall{s . 
Juue20 1 
July 7 33.47 488 + 488 + 16 Buds beginnin!l' to form . 
.• 14 34.31 496 + 408 + 30 Early. bloom. 
40 30.35 475 - 41 - 4 Medium bloom. H eig-ht 28 inches. 
47 31.84 614 + 437 + 34 Full flower. 
Aug.3 33.25 649 + 37 + 5 Full flower . 
" 10 35.63 840 + 191 + 27 Flowers dry and dropping. 
" 441 35.66 800 - 40 - 3 Leaves dry. 
~~_______ __~ ______ ~ ________ L_e_a_v_e_s _h_a_v_e_f_a_l_le_l_1_. ___________ _ 
July 14' 
., 20 
27 
Aug. ~ 
" 10 
44 
Sept. 7 I 
54.11 
45.49 
56.39 
55 .37 
49.44 
54.44 
44 
96 
148 
277 
77 
30 
D . In the Flowers . 
+ 24 
+74 
+ 54 
+ 129 
- 400 
- 47 
Early bloom. 
Medium bloom . Height, 48 inches. 
Full flower. 
Full flower. 
Flowers dry and dropping . 
Lea\'es dry . 
Leaves have fallen. 
*All weights are in pounds per acre + gain, - loss . 
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~IG . 9.- Nitrog·en-free Extract. Second Crop. (Table XII!.) July 7th Budding. 
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18. THE CRUDE FIBRE. 
SECOND CROP. 
Taking the whole lucern, period for period, there is a re-
markable agreement between the two crops in the parts 
of crude fibre to a hundred parts of dry matter. In no case, 
during the cutting periods of the two crops, excepting the 
last, does the variation amount to more than one part. In 
the leaves of the second crop the crude fibre is proportion-
ally a little lower, and in the stalks a little higher. In the 
flowers the first crop stands highest. 
June 20 
July 7 
' " 14 
" 20 
27 
Aug.3 
" 10 
24 
Sept. 7 
Jnne 20 
July 7 
" 14 
" 20 
,. 27 
Aug.3 
" 10 
" 24 
Sept. 7 
21 .06 1 32 .23 
33.49 
35.51 
34 .82 
37.26 
36.7i 
12 .09 
13 .67 
13 .16 
12 .14 
13 .52 
12.23 
12.57 
357 
854 
1031 
1229 
1316 
1445 
1329 
105 
158 
172 
155 
179 
167 
165 
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TABLE XIV.-Second Crop. 
THE CRUDE FlBRE OF LUCERN. 
A. In the Whole Plant. 
+ 357 1 + 20 
+ 497 +71 
!:~ I !~ 
-116 - 8 
Condition of the Crop. 
1 
Buds b~gll1lling to form. 
Early bloom. 
I 
Medi'lm bloom. Height28 inc hes . 
Full flower. . 
Full flower . 
I 
Flowers dry a nd dropping. 
Leaves dry. 
Leaves have fallen . 
B. In the Leaves. 
1 
+ 105 
+ 53 
+ 14 
1 
+ ~~ 
- 12 
-- 2 
+ 6 
+ 8 
+ 2 
-2 
+ 3 
- - 2 
o 
Buds beginning to form. 
Early bloom. 
Medium bloom. Height 28 inches. 
Full flower. 
Full flower . . 
Flowers dry and dropping . 
Leaves dry. 
Leaves have fallen. 
C . . In the Stalks. 
i~r; ~o 1 40 69 1 252 + 252\ + 85 I Buds beginning to form. 
" 14 47.64 689 + 337 + 48 Early bloom. 
" 20 52.861 827 + 138 1 + 23 I Medium bloom. Height 28 inches . 
" 27 1 53 .60 1031 + 204 + 29 Full flower . 
Aug.3 54 .24 1058 + 27 + 4 Full flower. 
" 10 53.14 1 1252 1 + 194 \ + 28 1 Flowe r dry and dropping . 
" 24 51.48 1155 + 97 + 7 Leave dry. 
Sept.~~/ ~ ____ ~ ____ ~ _ ____________ ~L~e_a_~·~es~b_a_v_e_f_a_l_l e_n __ . ______________ _ 
July 14 1 
" 20 
" 271 
Aug .3 1 
" 10 
" 24 
Sept. 7 
14 .67 
15 .04 
16.21 
15 .66 
16 .69 
15.98 
D. In the Flowers. 
3~ 1 t J I t ! I ~~1[~!1~1:_m. Height 23 inche 
43 + 11 + 2 Full flower . 
79 + 36 + 5 I Full flower 
26 I - - 53 1 - 8 Flower dry and dropping . 
9 - 17 - 1 L eaves dry. 
L e a ves h ave fallen . 
*All weights are in pounds per acre. + gain. -loss. 
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FIG. lO.- The Crude ~· ibre. Second Crop. (Table XIV. ) ·July 7th Budding. July 
27th Full Flower. 
As in the first crop so in the second we find the greatest 
gain of crude fibre in the whole plant to take place during 
the flowering period. Contrary to our expectations from 
our 'stud y of the first crop, the crude fibre, however, decreases 
in the last period, when the leaves have fallen. 
Comparing the leaves and the stalks we are again struck 
with the small amount of crude fibre found in the leaves 
and reminded that the food value vf lucern leaves is, prob-
ably, correspondingly high. 
After the first cutting it will be noticed that one-half of 
the total gain of dry matter is crude fibre. As was the 
case with the first crop, the high gains of dry matter made 
by the lucern during the early flowering period do not rep-
resent an equal gain of stock food. 
50 
19. THE CRUDE FAT. 
SECOND CROP. 
Little need be said concerning the fat found in the sec-
ond crop. As in the first crop, it is relatively present in 
small quantities and is formed irregularly. The fi0wers of 
the last period contain less fat than those of the last period 
of the first crop: this is due most likely to the fact that the 
second crop produced practically no seeds. 
June 20 
July 7 
., 14 
.. 20 
" 27 
Aug .3 
2 .95 
1.85 
2 .53 
2 .54 
2 .14 
" 101 2.12 
" 24 224 
§'ept. 7 
June 20 
July 7 4 .88 
" 14 2.97 
20 1.50 
27 4 .11 
Aug. 3 3 .88 
" 101 4 .31 
" 24 4 .63 
Sept.7 
June 20 
July 7 
" 14 
20 
27 
Aug,3 
" 10 
" 241 Sept. 7 
1.15 
0 .99 
0.99 
1.57 
0.99 
0.79 
0.84 
July 14 2.24 
" 20 2.02 
27 2.20 
Aug. 3 2 .03 
" 10 2 .68 
24 2.15 
Sept. 7 
50 
49 
78 
88 
81 
82 
81 
40 
34 
59 
52 
52 
59 
61 
10 
14 
15 
30 
19 
19 
19 
1 
4 
6 
10 
4 
1 
T ABLE XV. -Second Crop. 
THE CRUDE FAT OF L UCERN . 
A . In the Whole Plant. 
Condition of the Crop . 
+ 50 + 4 Buds beginnin g to for m . 
- 1 0 Early bloom . 
+ 29 +5 Medium b loom . H e ig ht 28 inche!'\ . 
+ 10 + 1 Full flower . 
- 7 - 1 Full flower . 
+ 1 0 IFlowers dry and dropplllg. 
- 1 0 :'eaves dry 
L eaves h ave falle n . 
+40 
- · 6 
+ 25 
- 7 
0 
+ 7 
+ 2 
+ 10 
+ 4 
+ 1 
+ 15 
- 11 
0 
0 
B . In the Leaves . 
+ 2 IB uds beginning to form . 
- 1 Early bloom . 
+ 4 Medium bloom . H e ig ht 28 inche. 
- 1 Full flowe r . 
o Full flower. 
+ 1 Flowers dry and dropping . 
o L eaves dry. 
L eaves have falle n . 
C. 111 the Stalks. 
I
Buds b eginning t o form. 
Ear ly bloom . 
Medium bloom . H e ight: 28 in c h es. 
Full flower. 
I 
Full flower. 
Flowers dry and dro p pi rig. 
Leaves dry . 
L eaves have .fa lle n . 
D . In the Flowers. 
o Early bloom . 
+ 1 Medium bloom . H e ig ht 28 inches. 
o Full flower. 
+ 1 Full flower. 
--1 Flowers dry and dropping. 
o L eaves dry . 
IL eaves have fall e n . 
*All weights are in pounds per acre . + means gain -means luss. 
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20. THE CRUDE PROTEIN. 
SECOND CROP. 
In this table, as in table VII!., it is ",oticeable that the 
proportional amount of crude protein decreases with the age 
of the plant. The greatest dail y gain of crude protein in 
the whole plant was made during the week of early bloom. 
A considerable gain was also made the next week, and at the 
beginning of full flower the maximum amount of crude pro-
tein in the whole plant was virtually present. During the 
first week of full flower there was a sudden loss of more 
than one-sixth of the total amount of crude protein, which, 
however, was recovered with a small addition the next week. 
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F IG. n .-The Crude Prote in. Seco nd Crop. (Table XV!.) July 7th , Buddin g . 
july 27th, Full fl o we r . 
i~~~ ~0 ' 19 . 70 I 
" 14 17.93 
•. 20 16.86 
" 27 12 .66 \ 
Aug:3 14 .58 
" '10 11 84 1 
" 24 10.73 
Sept. 7 
June 20 
July 7 
" 14 
" 20 
" 27 
Aug. 3 
•• 10 
" 24 
Sept. 7 
June 201 July 7 
" 14 
" 20 
•. 27 
Aug.3 
•. 10 
" 24 
Sept. 7 
July 14 
" 20 
" 27 
Aug. 3. 
" 10 
" 24 
Sept. 7 
23 .. 85 1 27 .88 
25. 27 1 19 .10 
24 .92 
22.25 ! 
17 05 
I 
15 .76 
9 .89 
8.26 
7.80 
6 .31 
5.16 
6.82 I 
19.98 ,' 28 .64 
16.93 
19.36 
21.
08
1 19 .63 
334 
475 
519 
438 
551 
459 
388 
198 
323 
330 
243 
331 
52 
TABLE XVI.-Second Crop. 
THE CRUDE PROTEIN OF LUCERN . 
A. In the whole plant. 
1 
t~ I +~: fl i:5i 
+ 44 + 7.3 2.60 
I 
+1~j 1 +i~:~ 1 i :gI 
- 92 -13 .1 1.32 
-71 -5.0 o.n 
I 
Condition of the Crop. 
Buds beginning to form. 
Early bloom. '. 
~jedinm bloom. Height 28 inche. 
Full flower 
Full flower . 
Flowers dry and dropping . 
L eaves dry . 
Leaves have fallen. 
B . In the L eaves . 
+ 198 
+ 125 
+ .7 
- 13 
\
BUdS beginning to form. 
Early bloom. 
Medium bloom. Height 28 inches. 
Full flower, 
IFull flowe r. 
224 304 I 
+ 12 
- 27 
- 80 I 
0 .53 
0.68 
5.46 
2 .08 
5.33 
3.04 
0.00 l
Flowers dry and dropping . 
Leaves dry . 
Leaves have fallen. 
136 
143 
129 
150 
123 
122 
153 
9 
60 
45 
97 
33 
11 
C . In the Stalks. 
+ 136 
+ 7 
- - 16 
+ 21 
- - 27 
- 1 
I + 31 I 
+ 7 .5 1 
+ 1.0 
+~:g I 
-4. 0 
0 .0 
+2. 0 
7 .66 
1.16 
0 .10 
0 .21 
0 .23 
0 .00 
1.13 
Buds beginning to form. 
Early Bloom. 
M edium bloom. Height 28 inches. 
Full flower. 
Full flower. 
Flowers dry and dropping . 
Leaves dry. 
Leaves have fallen. 
D. In the Flowers. 
+ 9 I + 1.0 +51 + 8 .5 
-15 -2.0 
+52 + 7 .0 
-64 I -9.0 
---:22 . - 1.5 
3 .56 
3 .64 
2 .65 
3.68 
5.83 
5.13 
Early bloom. 
Medium bloom. Height,28 inches . 
Full flower. 
Full flower. 
Flowers dry and dropping. 
Lea"es dry. 
Leaves have fallen. 
*All weights are in pounds per acre . + gain. - loss . 
This table ~hows also very forcib.1y the value of the 
lucern leaves. During the whole cutting period, the leaves 
carry from three-fourths to two-thirds of all the crude pro-
tein present in the plant. The maximum amount of crude 
protein was attained the week of medium bloom. The 
large loss of the f~l1owing week I am inclined to look upon 
as accidental and, perhaps, as due to some experimental 
error we have been unable to trace. 
The stalks and flowers vary quite regularly, in their con-
tent of crude protein, with the amount in the whole plant. 
As compared with the stalks and flowers of the first crop, 
the proportional amounts are very much the same . 
. The last two columns, showing the percentages and total 
weights of the non-albuminoids of th~ plant and its parts, 
exhibit such irregularities that no simple and definite cou-
elusions can be drawn from them. 
21. THE ALBU1\'IINOIDS. 
SECOND CROP. 
The albuminoids of the second crop exhibit a greater con-
stancy in the absolute quantity present than does the crude 
protein. Examine, for instance, the table for the whole 
plant: the maximum amount of albuminoids was reached in 
the second cuttin·g, when the crop was in early bloom; from 
that period to the dropping of the leaves there are slight 
decreases and increases, rione of which,· however, amount to 
more than forty pounds. 
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FIG. 12.-The Albuminoids . Second Cro p. (Table XVII.) July 7th, Budding. Jul y 
27th, Full Flower. 
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TABLE XVII.-Second Crop. 
THE ALB U MINOIDS IN J .. U CERN. 
A. In the Whole Plant. 
i~r; ~1 15 . 51 1 263 + 263 1 + 15 ' IBUdS beginning to form. 
,. 14 16 .91 448 + 185 + 26 . Early bloom. 
" ::\0 14 .26 439 - 9 - 1.5 Medium bloom . H e ight 28 inches . 
" 27 11.59 401 - 38 1- 5. Full flowe r . 
Aug. 3
1
' 11 .77 1 445 + 44 + 6. IFull flower . 
" 10 10 .52 408 - 37 - 5 . Flowers dry and dropping. 
" 24 9 .96 360 - 48 - · 3 . Leaves dry . 
Sep .. __ -~I ______ ~ ____ ~ ____ ~ ______ ~L_e_a_v_e_s_h __ a __ ve_f_a_l_le_n_. __________________ __ 
B. In Ihe I.eaves. 
June 201 July 7 23 .32\ 193 + 193 j + 11. lBUdS beginning to form . 
" 14 27.20 315 + 122 + 18. Early bloom. 
.• 
201 19 .81 I 2S8 
-
57
1 
- 10 . IMedium bloom. Height 28 inches. 
" 27 17 .02 217 + ~ - 6 . Full flower. Aug. 3 18 .59 247 + 4. Full flower . 
" 
10
1 19 .21 I 262 + 15 1 + 2. IFlowers dry and dropping . 24 17.05 224 -38 - 2.7 Leaves dry. 
Sept. 7 Leaves have fallen . 
C. In the Stalks. 
June 201 July 7 8 .10 70 + 70 + 4 Buds beginning to form . 
" 14 8 . 75 126 + 56 + 8 Early bloom. 
" 
20
1 
8 .16 128 + 2 0 Medium bloo m. Height 28 inches . 
" 27 7.59 146 + 18 + 3 Full flower. 
Aug.3 I 6.08 119 -27 - 4 ~'ull flower. 
• , 
101 5 .16 122 + 3 0 Flowers dry and droppi ng . 
• , 24 5.69 128 +6 0 Leaves dry . 
Sept. 7 Leaves have fallen . 
D. In the Flowers. 
July 141 16.42
1 
7 
I 
+ 7 + 1 Early Bloom. 
" 20 25 .00 53 + 46 + 8 Medium Bloom. Height 28 inches. 
.. 27 14 .28 38 -15 -2 Full flower. 
Au,. 31 15.68 \ 79 
1 
+ 41 +6 Full flower. 
" 10 15.15 24 - 55 -8 Flowers dry and dropping. 
" 24 14 .50 8 -16 - 1 Leaves dry. 
Sept. 7 I.eaves have fallen . 
*All weIghts are 111 pounds per acre . + ga111 . - loss . 
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The maximum a.mount of albuminoids in the leaves is 
reached at the end of the week of early bloom. The next 
week, the amount faJ1s one hundred and twenty-two pounds, 
and never reGovers itself. This must not be taken to indi-
cate an irrevocable loss, for, on examining the portion of 
Table XVII. dealing with the stalks, we learn that the 
total amount of albuminoids in the stalks increased to the 
first week of flowering. The flowers, too, show an increase 
from July 20th to August 3d, which may indicate a removal 
of albuminoids from the leaves. 
To obtain the maximum amount of albuminoids in the 
second crop, it might be cut any time after early bloom; 
but, if the cutting be postponed too long, many of the al-
buminoids will be lodged in the easily lost flowers. 
Comparing the two crops, period for period, it is seen 
. that the second crQP is relatively richer in albuminoids than 
the first. The di:ff~rence, it may be remarked, in no case 
exceeds four per cent. 
22. THE CRUDE ASH. 
SECOND CROP. 
In considering the ash of the second crop, it is necessary 
only to notice the general agreement between the results 
obtained for the first and second crops. The only striking 
difference is that while, in the first crop, the total quantity 
decreases in the later periods, it increases in corresponding 
periods of the second crop. This might not exist, had the 
experiment been closed later in the season. 
= U 
.... 
o 
June 20 
July 7 
" 14 
" 20 
" 27 
Aug.3 
" 10 
" 24 
Rept.7 
June 20 
July 7 
" 14 
" 20 
" 27 Aug. 3 
" 10 \ 
" 24 
Rept.7 
June 20 
JUly 7 
" 14 
20 
27 
Aug.3 
" 10 
24 
Sept. 7 
11.62 r 
9.17 
lO.20 1 9 .13 
8 .55 
7 .89 1 9.21 
14 .24 1 11.65' 
13.45 1 15. 24 
12 .26 
16 .00 12 .
17 1 
Q.13 ! 
7.17 
7 .69 1 5.21 
5 .21 
5.20 5 .
28
1 
56 
TABLE XVIIl.-Second Crop. 
'l'HE ASH IN LUCERN. 
A . In the Whole Plant: 
197 + 197 
243 + 46 
314 + 71 
316 + 2 
323 + 7 
~ 1 + ~ I 
1 
118 + 118 
135 + 17 
175 
1 
+ 40 
194 + 19 
163 - 31 
166 ' 1 + 3 210 +44 
79/ + 79 
104 + 25 
120 1 + 16 100 - 20 
102 + 2 
i~ 1 ± ~ I 
Condition of Crops. 
+ 11.0 Buds beginning to form. 
+ 7.0 Early bloom . 
+ 12.0 Medium bloom. Height 28 inches . 
0.0 Full flower. 
+ 1.0 Full flower. 
- 2.5 Flowers dry and dropping . 
+ 2.0 :'eaves dry 
Leaves have fallen . 
B . hi the Lejives. 
- -
+ 6.5 Buds beginning to form. 
+ 2.5 Early bloom. 
+ 7 .0 Medium bloom . Height 28 inches . 
+ 3 .0 Full flower. 
-4.5 Full flower . 
0 .0 IFlower dry and dropping. 
+ 3.0 Leaves dry. 
Leaves have fallen. 
C. In the Stalks. 
+ 4.4 1 Buds beginning to form. 
+ 3.5 Early bloom. 
+ 3 .0 Medium bloom . Height: 2S inches. 
- 3 .0 Full flower. 
0 .0 / FUll flower . 0.0 Flowers dry and dropping. 
- 1.0 Leaves dry . 
Leaves hav~ fallen . 
D. In the Flowers. 
" 20 9 .00 19 + 15 · + 3 Medium bloom. H e ight 28 inches . 
July 14 9.00 / 4 + 4 I + 1 Early bloom. 
Au a •
237 8 .27 2582 ++ }6 I 0 Full flower . 
.. 7 .58 1 ~ + 5 Full flower. 
" 10 10 .11 16 - 42\ - 6 Flowe rs dry and dropping. 
24 10.00 6 - 10 - 1 Leaves dry . 
_S_e"-p_t ._7--' ___ "--__ -'-______ 1Leaves have fallen . 
*All weights are in pounds per acre + gain, - loss. 
THE THIRD CROP. 
23. GE:SERAL. 
On August 5th, when the second crop was in its last 
week of full flower, one-fourth of the -· field was 'cut. .In a 
very few days the new sprouts were visiple, and twelve days 
after mowing.! on August ·17th, the first cutting of the 
third crop was made. It was very noticeable that the 
growth of the third crop was not so heavy as the growths 
of the two preceding crops; the stalks seemkd lighter and 
the leaves smaller. The cuttings after August 17th were 
made every two weeks. As the data for September 28th 
were lost, the r.ecords of the tables e~tend only to Sep-
tember 14th. On September 29th, the whole fi~ld was 
mowed. At that time the fall frosts had affected many of 
the plants and early in the preceding week all growth har! 
ceased. . 
A comparison of the facts of the following tables with 
. the tempeniture record of Table 1. will explain some of the 
apparent irregularity of the third crop . 
• J, 
24. THE GREEN AND DRY MATTER, 
'AND THE PROPORTION OF 
LEA YES TO STEMS. 
THIRD CROP. 
During the firsttwelve days of its growth, the third crop 
made a gain of dry matter equal to, 712 pounds. This gain 
is less than half the gain made by the second crop in the 
first nineteen days of it~ growth. The next two weeks the 
acre crop increased in total weight to 1955 pounds; thus 
making a gain during the period of 1243 pounds. The daily 
gain of this period, 89 pounds, was the largest for the 
whole life of this crop. 
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TABLE XIX.-Third Crop. 
THE GREEN AND THE DRY MATTER OF LUCERN. 
A . In the Whole Plant.-
Condition of Crop. 
A~g. i7 1 4683 1 15 .191 712 1 + 712 / + 51 1 Second crop cut. 
" 31 10266 19.05 1955 +124~ +89 _Se--"p_t_.1_4-,--1...:.02:::.::28~-=22:.:. =53~....:23=0:::::5---1...+ 350 +25 Budding and early bloom. 
B. In the Leaves. 
A~g. i71 556 1 18.40 I 454 1 + 454 1 + 32 1 Second crop cut. 
" 31 1236 20.06 988 + 534 +38 _S~ep~t_. _14-,--_12_09 __ 1_6_. 2...:.6--!.....-_1.:..:01=2~.....!+---=24 + 2 Budding a~d early bloom . 
Aug. 5 I 
" 17 
" 31 
Sept. 14 
292 
1181 
1898 1
11. 64 1 18.11 
32.71 
258 
967 
1277 
C. In the Stalks. 
1 / I 
Second crop cut. 
+258 + 18 
+709 + 51 
+310 +22 Budding and early bloom . 
D. In the Flowers. 
Sep t.14 j 19. I 16.11 I 16 I + 16 ] + 1 I Budding and early bloom . 
*All weights are in pounds per acre. + means gain -means loss . 
As will be remembered, the greatest gains of dry matter in 
the first and second crops came during the week of budding 
or early bloom; yet in the third crop, when it was making 
its most rapid growth, not a flower bud could be found nor 
did any appear until a week later. At . this time the crop 
was twenty-six days old and weighed dry, 1955 pounds to 
the acre; the second crop, when of the same age, weighed, 
dry, 2650 pounds and was in early bloom. The next period 
of f~urteen days gained for the third crop 350 pounds, mak-
ing a daily gain of 25 pounds. During the latter half of 
this period, the flower buds began to be visible. 
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T ABLE XX. - Th ird Crop. 
PROPO RTIO N S O F L EAVES, ST E M S, A ND FLOWE R S IN DRY L UCE R N " 
Co n d iti o n of th e C rop. 
*All we ig hts a re in pounds ve r a.:re . + gain. - loss. 
Table XX. shows the proportion of the leaves and of the 
stall{s in the dry matter of the crop. By comparing this 
table with Tables IV., and XL, it is noticeable that the lu-
cern does not begin to shJ W its fl ower buds until the stalks 
and leaves are present in equal proportions; also that dur-
ing the period of greatest daily gain, the proportion of 
leaves to stalks is, in the first crop s mallest, in the second 
crop a little larger and in the third crop largest. The pro-
portions of leaves to stalks are, for the three crops, dur-
ing the week of highest daily gain, in fact as follows: first 
crop, 43.86 to 5h.14; second crop, 43.71 to 54.58 ; third crop, 
50.54 to 49.46. 
For the budding time of the three crops, the proportions 
of leaves to stalks stand as foll ows: firs: crop, 43.86 t o 
56.14; second crop, 48.97 to 51.03; third crop, 43.93 to 55.43. 
As the flower buds of the second crop were more immature 
than those of the first and third crops, at the periods of cut-
ting, the ratio for th~ second crop is sn:iallest. 
25 . THE RELATIVE A N D ABSOLUTE COM-
POSrrlON OF THE 'rHIRD CROP. 
In Table XXI. the facts brought out by the analyses of 
the cuttings of the third crop are summarized. 
The nitrogen-free extract increased to the last cutting. 
The maximum daily gain occurred at the period of greatest 
g eneral activity. Proportionally , the leaves co"ntain more 
nitrogen-free extract than the stalks. " 
TABLE XXI. 
RELATIVE AND ABSOLUTE COMPOSITION, AND GAINS OF THIHD CROP.* 
August 17. August 31. September 14 . 
wholel 1 1 Wh01e l I 1 WhOlel 1 1 Plant. Leaves Stall,s. Plant. LeaveslStalks. Plant. I eaves Stall,s. ~low's . 
Tota l WeLght of Nltro/fen-free Extract. ... . . . . .. . .. . . . . 317 213 104 757 438 319 934 501 4 .. 5 Percent. ~itrogen-.free Extract ~n Dry Matter . .. .. .. . . ... 44.521 46 .90 I 40.20 1 38. 72 1 44. 29 1 32 .94 1 40 .52 1 49 .56 1 3~ . 26 1 -
Total Gain of • " " . .. .. . .. .. . . .. .. .. . + 317 + 213 + 104 + 440 + 225 + 215 + 177 + 63 + 106 
Daily " .. •. " .. + 26.8 + 17.8 + 8.7 + 31A + t6 .1 + 15.3 + 12 .7 + 4.5 + 7 6 
Total WeiglJt of Crude Fibre .. .. .... .. . , 155 58 97 634 149 485 818 147 669 Per ceJ1t. Crude Fibre in Dry Matte r . . .. .. . . .. . . . .. ... . . .. 21.'77 1 12.82 1 37.44 1 32.43 1 15 .04 1 50 .19 1 35.49 1 1~ . 491 5235 1 
Total Gain of ",. . ... . . . .. .. .. + 155 + 58 + 97 + 479 + 91 +388 + 184 - 2 + 184 
Daily .. " + 13 .0 + 4.8 + 8 .0 . + 34 .2 + 6 5 + 27 .7 + 13.1 - 0.1 + 13.1 
Percent. Fat in Dry Matter ... . .. 2.39 1 2 .691 1. 81 1 1. 69 1 2.75 1 060 1 1. 87 1 3 .29 1 0 .81 1 Total Weight of Fat .... . . . . . . . . 17 12 5 33 27 6 43 33 10 
Total Gain of Fat + 11 + 12 + 5 + 16 + 15 + 1 + 10 + 6 + 4 
Daily Gain of Fat + 1.4 + 1.0 + 0.4 + 1.2 + 1.1 + 0.1 + 0.7 + 0.4 + 0.3 
Per cent. Prote il1 iJ1 Dry Matter ...... . . .. . .... . 19.38 1 25 .00 1 9.51 1 16.47124.00 1 8. 77- I- i2 . 93 1 iO~1 6.54 1 138 113 2.5 322 237 85 298 209 84 
+ 138 + 113 + 25 +184 + 124 + (jQ - 24 - 28 - 1 
Total We ight of Crude Protein . ... . ..... . . . . . .. ' ... . 
Total Gain of " " 
Daily " " 
Per cent. A1buminoids iu Dry Matter. 
'rotal Weight of Albuminoids . .. . . 
'rota1 Gain of " . . . . . 
Daily "" " 
Per ce nLAsh ill Dry Matter 
Total Weight of Ash 
Total Gain of Ash 
Daily Gain of Ash 
+l~:~q l+l~ ' ~3 1+ S~~8 1+~~'~0 1+1~~0 1+ ::~ 1- ~ ' ~4 1-14~87 1- ~ : ~O 1 69 55 14 219 175 44 213 151 52 
. .. .. .... ... . ,+ 69 + 55 + 14 +150 + 120 + 30 - - 6 - 24~ + 8 
+ 5.8 + 4.6 + 1.2 + 10.7 + 8 .8 + 2.2 - 0.5 -- 1. I + 0 .6 
.. . .. . .. .. . .. . 85 57 28 211 138 73 214 122 90 ' " ...... .. , .. I 11.94112.59 1 11.04 1 10 .79 1 13.92 1 7.50 1 9.28 1 12.05 1 7.04 1 
.. .. .. ;+ ~5 + 57 + 28 + 126 + 81 + 45 + 3 - 16 + 17 
.. i+ /.1 + 4.8 + 2.3 + 9.0 + 5.8 + 3.2 + 0.2 - 1.2 + 1.2 
"'All weights are in pounds per acre. + gain, - loss. 
? 
? 
? 
0"-
o 
61 
The amount of crude fibre also increased to the end of 
the experiment. The proportion in the whole plant is at 
the cutting time 35.49 per cent. As in the first and second 
crops, the stalks contain, proportionally, more than three 
times as much crude fibre as the leaves. The leaves gain 
no crude fibre after the second period, ending Aug ust 31st. 
The fat gains, (though not proportionall y to the gain 
of dry matter, ) steadily in total amount to the end of th e 
period. 
The crude protein of the third crop increases in the whole 
plant up to August 31st. The following period, it loses 
twenty-four pounds out of a total of three hundred and 
twenty-two. The greatest rate of gain fur the whole plant 
took place during the second period. Three-fourths of th e 
crude protein in the whole plant is found in the leaves. 
The greatest dail y gain in the pl ant took ' place the first 
period. 
The albuminoids were present in small quantity during 
the first period; in the second th e greatest absolute and 
daily gains were made. It seems that during the first 
period a great deal of non-albuminvids was brought into 
the plant, which, during the second period, was elaborated 
into albuminoids. In the third period the whole plant lost 
six pounds; and the leaves transferred to the stalks eight 
pounds and to the roots and flowers sixteen pounds. 
The ash of the whole plant increased to the end of the 
experiment. In the last period the leaves lost sixteen pounds 
that were taken up by the stalks and the flowers. 
26. TIME TO CUT LUCERN FOR HAY. 
(R E FER TO THE PREVIOUS TABLES AND THE TABLES OF THE 
APPENDIX. ) 
The value of a crop on a given piece of land, for the pur-
pose of feeding animals for work, fat or general gain, will 
depend on three factors. First, the composition of the hay; 
second, on how digestible the substances present in the hay 
are, and third on how many pounds of each constituent 
the field has produced. The constituents of a fodder crop 
are not of equal feeding. value: as has been seen in previous 
sections, nitrogen-free extract is more valuable that! crude 
fibre, and the albuminoids are more valuable than any other 
constituent of a fodder crop. Yet, if the albuminoids are 
not readily dig~stible, or may not easily be taken into the 
animal system, a large quanti'ty of albuminoids in the food 
may be of little value. Again, though the farmer has 
raised an excellent fodder, both as regards composition and 
digestibility! if the amount of it is small he would more 
profitably have raised a crop which, though poorer in com-
position and digestibility, would have yielded proportion-
ally more food. Therefore, in discussing the time at which 
lucern should be cut, we must consider these three factors. 
First, let us consider the yield of hay. The three crops 
discussed from the preceding tables increased in dry matter 
to the end of the. experimental period. The heaviest gains 
were made, by the first crop, the week the flower buds were 
coming out. In the second crop the grec;ttest gains were 
made just as the buds were unfolding. It is very probable 
that if the first cutting of the second crop had been made a 
week earlier, it would have been found that the maximum 
daily gain occurred during the week of budding. In the 
third crop the highest gain came a week before the budding. 
From the time of budding, through early bloom, medium 
bloom and first full flower, the crop made steady gains. 
In the first crop the increase in dry matter for ea.ch week 
during the earlier flowering periods was about one-tenth of 
the total weigpt of the preceding week; and by waiting to 
the week of first full flower the gain above the weight of 
the crop at budding amounted to one-fourth. In the second 
crop the gains were more marked: cutting the second crop 
during the first week of full flower doubled the quantity of 
the dry matter as found in the crop of budding. The gains 
of dry matter practically 'ceased at late flower. As far, 
then, as the total quantity of dry matter is concerned, lucern 
would best be cut at late flower. 
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Let us now consider the composition of the plant at its 
various stages of growth. The nitrogen-free extract and 
the crude fibre both increased in absolute amounts to the 
end of the experimental season. Proportionally, the crude 
fibre made the most rapid gaius. During the period from 
budding to the first week of full flower, the per cent. of 
crude fibre in the first crop increased from 28.07 to :'6.77 
per cent., yet the absolute amount of nitrogen-free extract 
was not diminished. At budding time mo~t of the nitrogen 
of the first and second. crops was in the non-albuminoid 
state, but as the flowers appeared, there was a rapid con-
version of non-albuminoids into albuminoids. At the end 
of the first week of full flower, in the first crop, the maxi-
mum amount of albuminoids was reached; after that time 
the amount underwent a steady decrease. In the second 
crop there was no increase of albuminoids after the early 
bloom; the losses during the following period were, how-
ever, very slig ht. As the albuminoids, according to our 
present k~owledge, stand far above the non-albuminoids in 
food value, lucern should be cut, in order to obtain the 
maximum quantity of albuminoids, not before early 
bloom and not later than the earlier periods of full 
flower. It must be remembered that, as the crop passes 
from early to full flower, food SUbstances besides the album-
inoids are taken up. As far, then, as the composition of 
the plant is concerned, the first period of full flower is 
better than any other for cutting lucern. The data of the 
total dry matter and the absolute composition point to the 
week of first full flower as the best time for cutting the 
lucern. 
The digestibility of lucern can be estimated rightly only 
by direct experiments with animals. The composition of 
the different cuttings, taken weight for weight, will, how-
ever, give us some insight into the food value of lucern cut 
at different periods. Let us first consider the first crop. 
The cutting of June 22d, at early bloom, compared with 
the cutting of June 15th, at budding, contains, pound for 
pound, nearly one-half per cent. less of albuminoids, and 
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nearly two and one-half per cent. more of crude fibre; while 
the other constituents are about the same. The album-
inoids have the highest food value; the crude fibre the lowest: 
of the former about seventy-five of every hundred pounds 
eaten are taken into the animal system; of the latter, only 
about fifty of every hundred. A pound of lucern 'cut at 
early bloom has, therefore, a lower food value than a pound 
of lucern cut at budding. * Comparing the cutting at med-
ium bloom, June 29th, with the cutting of June 22d, we 
find that the former has lost six-tenths of one per cent. of 
albuminoids and gained three per cent. of crude fibre. 
Here to, then, it would appear that the later the cutting 
the less the food value of the lucern, pound for pound. 
The same reasoning applied to the later cuttings will give 
similar results, (see Table XVII. ) 'l'he second crop made 
its greatest gain during .the week of early flower and the 
highest per cent. of albumlnoids was found in that week. 
In fact, the per cent. of a1buminoids rose, during the week 
of early bloom, nearly one and one-half pcr cent.; though 
the crude fibre rose at the same time a little more than 
eleven per cent. The next week the amount of album-
inoids fell nearly three per cent. and the crude fibre in-
creased about one per cent. A similar variation marked 
the following weeks. We may , then, reasoning from the 
percentage composition of the plant, and from our knowl-
edge of the relative values of albuminoids and crude fibre, 
say that, after budding, as the plant grows older, its food 
value, pound for pound, decreases. In ' addition to this it 
may be said that, after the second week of full flower, the 
lucern stalks become so woody a.s to be little relished by 
most animals. 
The discussion of the preceding paragraph was based on 
the assumption that the a1buminoids and the crude fibre 
had the same digestibility in the later as in the earlier cut-
tings. If the digestibilities of these substances decrease 
with the age of the plant, then the differences noted in the 
*R ece nt expe rime nts seem to m odify this s tate me nt. In a late r bulletin o n tb e 
food value of luce rn the q uestio n treated above will be fully discussed. 
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last paragraph become more striking. As far as the writer 
is aware, no reports on the digestibilities of the different 
cuttings of 1ucern 'hav~ .been published. Experiments made 
at this station some years ago are not yet in shape for pub-
lication. 
If, however, we knew the food ~a1ue of the dry matter 
obtained in the different cuttings, we could, with consider-
able certainty, determine the best time for cutting. This 
is readily understood by considering that if the yield of dry 
matter increased more rapidly than the food value of the 
dry matter decreased, a late cutting would be preferred; 
and if the dry matter increased less rapidly than the food 
value decreased, the farmer would naturally prefer the 
earlier cutting. The question the farmer would ask is, 
briefly, this: How many pounds of beef (or some other 
valuable animal product) shall I obtain from an acre of 
lucern, if I cut the lucern at budding and feed it to the 
stock; and how many more or less shall I get by cutting the 
crop at early bloom or some other definite period? This 
question Prof. A. A. Mills, late of this Station, attempted 
to answer and with that in view fed, three winters, lucern 
cut at different periods, to steers. Th~ results of these ex-
periments will be found in Bulletin 44 of the Utah St~tion. 
Prof. Mills in his experiments, made three cuttings in 
each crop of the lucern. "One.: .. was cut just before the 
blossoms appeared . . Another . . . was cut about one week 
after blooming . . . 'The other was cut about one week after 
full bloom .. . " As nearly as can be judged, these cut-
tings correspond, in the first crop of the experiment re-
ported in this bulletin, to the cuttings dated June 15th, 
June 22d, and June 29th. Of the conclusions reached by 
Prof. Mills one only need engage our 3.ttention. "Pound 
for pound, the ear~y cut was the best, the late cut second 
hest, and the medium cut, poorest. They stand as 100 for 
the early cut; 78 for the medium cut, and 81 for the late 
cut." According to this result* 78 pounds of the early cut 
*'L'he write r a ssumes that the conclus ion refe rs to dry matte r o r to hay witb a 
uniform mois ture conte nt. 
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produced as much beef as 100 pounds of the medium cut, 
and 81 pounds of the early cut was as good as 100 pounds of 
the late cut. 
On June 15th the dry matter to an acre was 4241 poq,nds. 
Without losing in beef producing power, following the re-
sult of Prof. Mills, the acre crop should weigh, on June 
22d, 5437 pounds. The crop obtained was only 4831 pounds 
and therefore indicated a loss of nearly one-ninth. On 
June 2Yth, still following Prof. Mills' results, the acre crop 
should weigh 5235 pounds. The weight actually obtained 
corresponded to 5377 and indicated a small gain. The cut-
tings of the second crop treated in the same way gave even 
greater variation. Now, it is not in full accordance with 
the usually accepted views of the changes occuring in 
plants, nor with most reported experiments, that the food 
value of the crop on a definite piece of ground will rise, fall 
and rise again, as the plant grows older. For our partial 
rescue there are two sources of error in the above result. 
First, the error of the experi ment reported in this bulletin, 
which by well known methods has been shown to be about 
one-twentieth; and second, the possible error in the results 
of the experiment reported in Bulletin 44. The results of all 
feeding experiments are subject to a great many sources of 
error; and such experiments, unless checked sufficiently, can 
be . trusted only to show the tendency and not to give 
correct scientific constants. It is further to be noted that the 
lucern of the two experiments was cut in different seasons 
and consequently under different conditions of heat, mois-
ture and light. 
As a last consideration, it may be asked if, when the first 
and second crops are cut early, a longer period of growth is 
not given to the third crop. The answer, of course. is yes. 
But it must be 'kept in mind that the yield in dry matter to 
the acre becomes smaller with eacp. successive crop, and 
that, therefore, if the crops are not cut extremely late, the 
gain in the first two crops, by cutting a week or two after 
budding, will more than compensate for the loss in the third 
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crop. A brief study of the preceding tables will convince 
the reader of this. 
From what has gone before we may at least draw two 
general conclusions: 1ucern in passing from the budding 
stage to the sta~~ of first full flower decreases, pound for 
pound, in food value; and the acre crop, in passing through 
the same stages does not lose any of its beef producing 
power. Until more light is thrown on this subject we may 
hold this conclusion to be right; that to insure a large yield 
of dry matter and the largest amount of a1buminoids, lucern 
should be cut not earNer than the period of medium bloom, 
and not m uclz later than the period of first full }lower. This 
in most cases will be two or three weeks after the flower 
buds begin to appear. * 
* * * * * * * 
Before closing this section, it seems well to draw again 
the attention of the readers of this Bulletin, farmers of 
Utah, to the high feeding value of lucern leaves. In ab~o­
lute amount, they carry from two-thirds to three-fourths 
of all albuminoids contained by the plant, their crude fibre 
is relatively and absolutely small. This is of especial im-
portance when we recall how great a proportion of the 
leaves may be lost by improper meth0ds of curing. The 
flow~rs too, are readily lost; but since their quantity is 
a1 ways small their loss is not so important as the loss of the 
leaves. It may be urged that, since the flowers are easily 
lost, the 1ucern crop should be cut before the flowers have 
made any headway. The production of flowers is accom-
panied by such great gains in dry matter and a1buminoids 
that, though all the flowers were lost, there would still be 
a gain. 
*In practice it is of course impossible to cut all the luce rn 011 a large field at the 
s a m e pe r iod. If t he best period f or cutting is know n the work should be so a r-
r a nged that t he ti mes of begi n n ing a nd e ndi ng are eq ually re moved from the best 
time. In cases w he re the food value does not v ary regularly, even that rule must 
be modified. In orde r, h oweve r, that a ny experimental res ult shall be of value to 
the husbandman, it mu t be a pplied under conditions a s nearly a s possible idea~. 
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27. CONCLUSION. 
In conclusion the writer wishes to discuss in a few words 
the validity of the results presented in this and other sta-
tion bulletins. The officers of this Station plan experi-
ments that bear directly on the farmer's profession. The 
experiments planned are carried out with the greatest 
care. At the close of an experiment, if all has gone well, 
the results are reported as the best results obtained up to 
the present-at the Station. The results are seldom given 
as absolute truth, and it must not be considered strange 
if new experiments are continually modifying the earlier 
results. The work reported in this bulletin has been done 
with the greatest care, and the experimenters put full trust 
in the results; yet future experiments will no doubt modify 
and better the results here obtained. All work reported 
from this and other experiment stations should be accepted 
with this understanding. 
28. SUMMARY. 
The following summary states some of the most impor-
tant facts brought out in the foregoing discussion. 
1. The total dry matter of the lucern crop increases to 
the death of the plants. 
2. The greatest gains of dry matter occur during the 
week between budding and medium bloom; after late bloom 
the gains are insignificant. 
3. The nitrogen-free extract increases in total quantity 
to the death of .the plants; pound for pound, however, the 
quantity grows less as the plant grows older. 
4. The crude fibre increases in total quantity, and pro-
portionally to the other constituents, throughout the whole 
life of the plants; it is formed most rapidly in the flowering 
period. 
5. In total quatltity, the albuminoids increase to the first 
week of full flower; from that time there is a decrease. The 
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proportion of albuminoids is highest in the young plants 
and decreases as the plants grow older. 
6. The non-albuminoids, at the time of budding, are rap-
idly converted into albuminoids. 
7. The acre crop does not lose any of its beef producing 
power as the plants pass from budding to first full flower. 
8. To obtain a large yield ' of dry matter and the largest 
quantity of albuminoids, lucern should be cut, not earlier 
than early bloom, and 'not much later than the first week of 
early flower. This, in most cases, will be two to three 
weeks after the ,flower buds begin to appear. 
9. Period for perioQ, and pound for pound, the three crops 
seem to have just about the same food value. Of the three 
the second crop has the least value. 
10. Lucern begins to show its flower heads 'when, of a 
hundred parts of the whole , plant, fifty to sixty are stalks 
and forty to fifty leaves. 
11. The leaves of lucern, at the common periods of cut-
ting. carry ou'e-third or more 'of the total dry matter of the 
crop. 
12. The leaves carry from one-fourth if-- one-third as much 
crude fibre as the stalks. 
13. The leaves 'carry from two to three times as much al-
buminoids as the stalks. 
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29. APPENDIX. 
TABLE XXII. 
THE PERCENTAGE COMPOSITION OF WHOI.E LUCERN. 
The First Crop. 
In the Dry Matter. 
Condition of the Crop. 
May 4 12 .25 Z1.75 6 .25 Z.96 U .35 #.5Z 83.15 Height 6~ inches. 
1Z 11 ." ".10 8 .73 3 .8Z u.n 44 . ~ 
~ 11.M ~ . ~ 8.% 4.$ M.70 # . ~ 
25 11. 73 16.96 7. 73 3.86 16 . 5Z 43. 21 
82 . 41 
80 .03 
82 .ZS 
8 
June 1 12 .16 13 .98 9.00 3. 40 ZO .36 41.10 84 .76 
8~ 
11 
18 
8 11.56 12.14 7 .75 3.50 25 .Z4 39. n 83.31 
~ n.65 13 . ~ 3.~ 3 .ZZ ZS .M ~.~ 
ZZ 11 .W U.TI 3 . ~ 2 .92 ~ .~ 39.~ 
Z9 9.00 U .17 1.86 2 .27 33 .67 41.16 
79 .77 " ZS ., Bud s be-
ginning to form . 
78.66 Height 35 inches. Eady 
bloom . 
77 .86 Medium bloom . 
July 7 8 .04 11.57 1.4Z Z.07 36.77 38 .84 79 .18 Full flower . 
W 
Z7 
Aug. 10 
17 
Z4 
8.15 10. 75 0 .92 1.74 40 .47 38.Z8 
7.31 
7.07 
6.66 
6.04 
9.39 0 . 98 1.76 41.36 39 .25 
9 .79 0 .95 1.94 42.30 38.41 
7.46 1.19 1.41 47.94 1 35 .3Z 
7.38 0 .93 1.8Z 49 .39 34 .48 
73 . ')6 Full flower. 
75 15 Late bloom. 
70 .66 Flowers fallen . Leayes quite 
dry . 
66 .67 Leaves and a few stalks fall. 
62.14 No change. Exp'mt. closed . 
The Second Crop. 
July 7 I 11 .6Z 15.51 4.19 Z.95 
" 14 9.17 16.')1 3 .0Z 1.85 
" ZO 10 .20 14 .26 2 .60 253 
" Z7 ').13 11 .59 1.07 Z.S4 
Aug. 3 8 .55 11.77 12.81 Z.14 
.. 10 7.89 10 .52 1.32 Z.12 
" 241 9 .Z1 9 .96 10 .77 Z.Z4 
Aug. 5 
" 17 11.94 1 9 .69 ! 9 69 ! Z.39 
31 10.79 \ 11 .W 15 .Z7 ! 1.69 
Sept .14 9.ZS 9 .Z4 3 .69 1. 87 
Z1.06 38 .75 83 .Z9 1 Buds beginning to form . 
3Z.23 38 .80 79 .77 Early bloom. 
33.49 37.03 79.11 Medium bloom. Height ~ in. 
35 .51 40 .14 77.47 Full flower . 
34 .8Z 40.45 75 .04 Full flower. 
37.26 40 .90 73 .31 Flowers dry and dropping . 
36.77 41.05 73 .46 Leaves dry. 
The Third Crop . 
21.77 1 # .52 
3Z .43 1 38.72 
3S . ~9 4O .5Z 
84.81 ! 
80. 95 1 
77.47 
Second crop cut. 
Budding and early bloom . 
"'Amides are the differe nce between crude protein and a1buminoids . 
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T ABLE XXIII. 
THE PERCENTAGE COMPOSITION OF LUCERN L'F.AVEs. 
The First Crop . 
In the Dry Matter . 
May 4 12.14 23.75 
12 11.41 121.80 
18 11 . 96 17.01 
45 12.41 20 .51 
5.59 3 .28 11.1 44 .06 
8 .84 4 .29 11 .16 42 .40 
9.37 5 .25 13.19 43 .18 
7.64 4.77 12.96 41.71 
. 5 
Gondition of the Crop. 
81 .151 Height: 
79.93 " 
634 1nches . 
78 .43 I " 
79.54 1 
June 1 12 .73 16 .61 9.73 4 .19 13 .80 42 .?4 81.70 
8 
834 
11 
18 
8 12 .. 56 15 .64 
15 14 .49 21.65 
22 14 .33 18. 25 
29 11 . 94 18. 69 
8 .76
1
534 15.96 41.64 80.17 
3 .44 4 .99 14.32 41.11 78. 09 Height 28 inches. Bud s b e -I I ginning to form. 
5 .80 5 .99 13.81 41.82 76 .81 Height 35 inches . Early 
bloom. 
2 .57 4 .58 14 .36 47. 86 77.5 \ Iedium bloom . 
July 7 11 50 16.56 3 .84 4.49 15.93 47.68 80 .30 Full flower . 
20 13 .48 HI. 61 
27 11 .58 11 .57 
Aug.10 11 .44 18.45 
17 10 .99 17.52 
24 13.26 15.17 
July 7 14 .24 23 .32 
" 14 11.65 27 .20 
" 20 13 .45 19 .81 
" 27 15.24 17 .02 
Aug. 3 12 .26 18. 59 
" 10 12 . 17 1 1~ . 21 
.. 24 16 .00 17 .05 
ug.5 
12 .59 12 .03 ,~ 17 
A 
" :'11 13.92 17 .70 
s ept.14 12 .05 14.87 
.- 28 12.14 16.25 
0 .78 4.U 16 .86 46 .15 73 .55 Full flower . 
7 .89 3.95 17 .15 48. 96 74 14 Late bloom. 
2 .26 3.99 16 .47 49 .39 71.76 Flowers have fallen. Leaves 
quite dry. 
4.05 3 .26 19 .34 44 .84 63 .24 Leaves and a few stalks fall. 
2 .16 4 .00 1765 47 .70 65 .90 No change . Expm ' t closed . 
The Second Crop. 
0 .53 4 ." 112.09 1"." Buds beginning to form. 
0.68 2.97 13 67 43.83 Early bloom . 
5 .46 4.50 13 .16 43 .62 Medium bloom . Height 28 
inches. 
2.03 4.11 12.14 49.41 Full flower. 
6 .33 3.88 13 .52 45.42 Full·flower. 
3 .04
1
4 .31 U .23 49 .04 Flowers dry and dropping . 
0 .00 4 63 12 .57 49.75 Leaves dry. 
The Thlrd Crop. 
12.97 [ 2.69 12 .82 46 .90 18 .40 
Second crop cut. 
6 .30 2.75 15 .04 44 .29 20.06 
5 .79 1'2' 14.49 49 .51 26.26 
1.32 4.15 13.85 47.il Budding and early bloom. 
----
*Amides are the difference between crud'e protein and albuminoids. 
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. TABLE XXIV. 
THE P E P-CRN.TAGE COMPOSITION OF LUCERN STALKS. 
The First Crop . 
In the Dry Matter. . S: 
May 
June 1 11.49 110 .76 
.. 8 10.33 i 8 67 
15 
22 
29 
July 7 
20 
27 
::: I 
5.93 
5.47 
5 .60 
688 
8 .89 
8.12 
8.35 
7.23 
6.11 
8 .97 2.33 22.46 45 .68 
8 .15 2 .45 28 .29138 .86 
6 .73 1.72 34.35 38.20 
Conditioq of the Crop. 
85.47 1 " 
87.34 .. 18 " 
11 
85.57 Height 28 inches. Buds be 
ginning to form, 
3 .97 1.86 38 .80 39 .07 80.92 Height 35 inches. Early 
bloom. · 
1. 85 0 .94 42 :17 37 .14 79 .67 Medium bloom. 
0 .88 0.94 46.65 36.42 77 .51 Full flower. 
0 .40 0.63 50 .75 33.94 78.22 Full flower. 
0 .29 1.01 51.79 34 .21 73.58 Late bloom. 
o 18 0 .89 52 .82 34.40 74 .37 Flowers have fallen . Leave 
Aug. 10 5 .53 5 .62 0 .58 1.21 52.42 34 .64 69.41 quite dry . 
5.85 5.30 0 . 74 1.06 54.21 32 .84 67 .44 Leaves and a f e w stalks fall 
24 4 .76 5.40 I 0 .38 1.30 ·56.01 32 .15 61.82 No change. Expm't closed . 
---'--'-----'---
17 
The Second Crop. 
July 7 9 .13- 8.10 7 .66 1.15 40 .69 33 .27 I Buds beginning to form . 
.. 14 7.17 8.75 I 1.14 0 .99 47 .64 34.31 
I 
Early bloom. 
.. 20 7 .69 8. 16 1 0 .10 0.99 Medium bloom. H e ight, inches. 
" 27 5 .21 7 .59 0.21 1.57 53 .60 131.82 Full flower. 
28 
Aug. 3 5.21 6.08 0.23 0 .99 
54" 1
3325 Full flower. 
" 10 5.28 5.16 0 .00 0.79 53.14 35 .63 Flowers dry and dropping . 
" 24 5.20 5.69 1.13 0 .84 51.48 35 .66 Leaves UIY. 
The Third Crop. 
Aug. 5 Second crop cut. -
.. 17 11.04 5 .48 4.03 1. 81 ~7 . 44 40 .20 88.36 
" 31 7.50 4.50 4 .27 0 .60 50 .19 32.94 81.89 
Sept. 14 7 .04 4 .10 2 .44 0 .81 52 .35 33.26 67 .29 
" 28 5.77 3 .45 2 .28 0.97 55 .67 31.86 Budding and early boom. 
*Amides are the difference between crude protein and albuminoids. 
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TABLE XXV. 
THE PERCENTAGE COMPOSITION OF LUCER:-I FLOWERS. 
The First Crop. 
biJ In the Dry Matter. 
s:: 
... 
E - 2 
I 
,;. I CIl 
«If/) 
::t 
'0 ~ JJ ~~ C,) 
.I:i ·0 ~ .0 . ~ Conditon of the Crop . '+-< Cfl s:: ~ t:!..,j "-0 0 <: 
·s ciJ ~ CIl<..l s:: .... 
CIl CIl 
I 
CIl 
CIl CIl bIJ«I 8r.. 
'0 ::t '0 '0 '0 0'" ... .rl ~ .0 ·s ...... ::t ::t ::t ..-~ CIlCfl 0 ~ :;: -< U U Z~ ,~ ~ l(. ~ 
June 22 10.56 ' 17.91 8. 27 1.63 15. 58 46.00 79.05 I Eady bloom. I 
" 29 9.70 i 15.51 7 .89 2.15 16 .23 43.40 82.33 Medium bloom. Height ~ inches. 
July 7 9.24 14 .94 5 .16 2.52 15.93 5216 81.34 Full flower . 
" 20 9.20 1571 7 .33 2.83 17 78 43. 15 78 .03 Full flower. 
" 17 9. 22 13 .51 5.74 2 .62 19.07 49.34 80 .82 Late flower. 
Aug. 10 8 .56 15.07 11.82 2. 83 1 21.19 40 .57 7833 Flowers have fallen Leaves 
., quite dry. 17 8.35 14 .8u 1.36 2.79 124.78 48.38 62 .53 Leaves and a fe~ stalks fall. 
" 24 8.21 17.49 6.29 4 .19 25 .74 38.14 5792 Experiment closed. 
-----------
The Second Crop. 
July 14. 9 .00 16 .42 3. 56 2.24 14.67 54.11 . I Early bloom. 
" 20 9:00 2500 364 2.03 1504 45.29 Medium bloom. Height, 28 
inches. 
" 27 8.27 14 .28 2.65 2.20 16 .21 56 .39. Full flower. 
Aug. 3 7 .58 15 .63 3 .68 2.03 15.66 55.37 Full flower. 
" 10 10 . 11 15 .15 593 . 2.68 16.69 149.44 Flowers dry and dropping . 
" 24 10 .00 1450 I 5. 13 2. 15 15. 93 52.24 Leaves dry. 
The Third Crop. 
Sept.14i 183 .89 I' Budding and early bloom. 
*Amides :ue the differe11ce between crude protein and albuminoids. 
~ 
::s 
U 
.... 
0 
,,; 
Q) Q) 
~. ~ A.§ ~ 
May 4 12.0 
" 12 12 .0 
" 18 12.0 
" 25 12.0 
June 1 12.0 
" 8 12 .0 
" 15 12.0 
" 22 12.0 
" 29 12 .0 
July 7 12 .0 
" 20 12.0 
" 27 12.0 
Aug. 10 12.0 
" 17 U.O 
" 24 12.0 
July 7 12.0 
. , 14 12.0 
,. 20 12.0 
" 27 12.0 
Aug.3 12 .0 
" 10 12.0 
" 24 12 .0 
A~q7i 12.0 
" "'1 12.0 
Sept. :4 12.0 
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TABLE XXVI. 
THE PERCENTAGE COMPOSITION OF J. U CERN HAY. 
i 
Ul 
..oj 
Q) 
'0 
::s 
U 
(Calculated to U per cent. moi ture) 
The First Crop. 
Ul ~ I 
Q) 
I ~ ] U ~ .0 l: 
.S W t>.. ~ Q) • E Q) Q) Q) tlIJ~ Condition of the Crop. 
::s ~ Oc<J '0 '0 
.0 5 ::s ::s ~~ < < u u 
* 
~ 
10.78 119 .14 5.'" 1,.61 10.89 39 .17 H e ight: 6~ inches . 
9.85 16 .81 7 .68 2.36 10 .74 38 .9:2 " 8 " 
10.22 13.45 7 .88 14.04 12.94 39.54 " 8~ " 
10.32 14 .92 6 .80 13.40 14.54 38 .02 " 11 
,. 
10.70 12.30 7.92 1 2 .99 17.92 36 .17 " 18 " 
10.17 10.68 6 .82 1 3 .08 22 .21 35.13 Height 28 inches . Bud. ' be ginning to form, 
Early 10 .25 11.64 3 .51 2 .83 24 .70 35 .17 Height 35 inches. 
bloom. 
9.77 11.23 3 .10 1'51 26 .86 34 .52 Medium bloom . 7.92 10 .71 1.64 2 .00 29 .62 36 .22 Full flower . 
7 .07 10.18 1.25 1.82 32 .36 1 34 .]8 Full flower. 
7.17 9.46 0.81 1.53 35.61 33.69 Late bloom. 
6.43 8.25 0.87 1.55 36 .4D 34 .54 Flowers have fallen. Lea\' e 
6 .22 8 .62 0 .84 1.71 37.22 33 .80 quite dry . 
5.86 6.56 1.05 1.24 42 .19 31.08 Leaves and a few stalks fall 
S.:U 6 . .49 082 1.60 43 .46 30 .34 No change. Expm' t closed . 
The Second Crop . 
10 .22 13.64 3.69 3.60 18 .53 34 .10 Buds beginning to form. 
8.07 14.88 2.66 1.63 28.36 34 .10 Early bloom . 
8 .98 12.54 2.29 2.23 29.47 32.58 Medium bloom. 
inches. 
Height, 28 
8.03 10.20 0 .94 2 .24 31.25 35 .32 Full flower. 
7.52 1036 2.47 1.88 30.64 35 .60 Full flower. 
6.94 9 .26 1.16 1.86 32.79 35.99 Flowers dry and dropping. 
8.10 10.76 0 .68 1.97 32.36 36 .12 Leaves dry. 
The T hird Crop . 
10 .51 8 .53 8.53 2 .10 
Second crop cut. 
19 .16 39 .18 
9 .50 9 .75 4.64 149 28 .53 34 .07 
8.17 8 .13 3 .25 1.65 31.23 35 .66 Budding and early blool11 . 
*Amides are the difference between cru de protein and albuminoids. 
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TABLE XXVII. 
THE PERCENTAGE COMPOSITION OF L UCE RN AS FOUND IN THE FiELD. 
The First Crop. 
..!. 
I 
,;, I ~ 
<I) 
:s 'd ~ U 
.:i '0 <J .0 
.... 
(/) s:: ~ ~ b~ 
0 
..: -< ·s rn ~ <1)(.; Q) Q) 
I 
Q) 
Q) Q) b.o~ COllditon of the Crop. 
~ . Q) 'd :s 'd 'd 'd 8b ~ ·s :s o.~ :s .0 :s U ~>: ~ U ;; -< u Z~ *. 
May 4 83.15 I 2 .06 3.66 1.05 0.50 2.07 7.50 Height 6~ inches . 
" 12 82.41 1.97 3 .36 1.54 0.67 2.15 7.78 " 8 " 
" 18 ' 80.03 2.32 3.05 1. 79 0.92 2.94 8.97 .. 8~ " 
" 25 82.25 2 .08 3.01 1.37 0 .69 2 .98 7.67 .. 11 " 
• J une 1 84.76 1.85 2.13 1.37 0.52 3 .10 6 .23 " 18 " 
" 8 83 .31 1.93 2.03 1.29 0.58 421 6.65 
.. 15 79 .77 2 .36 2.68 0 .81 0.65 5.42 8.09 1 Height 28 inches. Buds be-
" 
ginning to form. 
22 7866 2.37 2.73 0.75 0 .62 6. 52 1 8 37 Heigh t 35 inches. 
Early I bloom. 
" 29 77 .86 1. 99 269 0.41 0 .50 7.45 9,.11 Medium bloolU . 
uly 7 79.18 1.67 2.41 0 .30 0.43 7 .66 8 .09 Full flower .· 
" 20 73.96 2 .12 2 .80 0 .24 0.45 10 . .34 9 .97 Full flower. 
J 
" 27 75.15 1.82 ~.33 0.24 0.44 10.28 9 .75 Late flower. 
A ug.10 70.66 2 .07 2 .87 0.28 0 .60 12.41 11 .27 Flowers fall. Leaves begin 
to wither. 
.. 17 66 .67 222 
1 
2.49 0.40 0 .47 15 .98 11 .77 Leaves quite dry . 
" 24 62 . 14 2 .29 2 .79 0 .35 0.70 18 .70 . 13 .05 Nochange . Expm't closed. 
-----
The Second Crop. 
July 7 1 83 .29 1 . <)4 2 .59 0 .70 0 .49 / 3 .52 I 6.48 1 Bud, b,<;oo;o< 10 'Mm. 
.. 14 79 .77 '1.86 3. 42 0.61 0 .37 6 .52 7 .84 Early bloo111. 
" 20 79 .11 2.13 2 .98 0. 54 0 .53 7 .00 : .74 Medium bloom. Height, 2 8 
inches. 
" 27 77 .47 2.06 2 .61 0.24 0 .57 8 .00 9 .04 Full flower. 
Aug. 3 75 .04 2 .13 2.94 0.70 0.53 8." 1,0. ,0 Full flower. 
" 10 73 .31 2 .15 2.81 
I 
0 .35 
1
0
.
57 9. 94 10 .92 Flowers dry and dropping . 
" 24 73 .46 2.44 2.64 0 .20 0.60 9.76 10 .89 Leaves dry. 
The Third Crop. 
Aug . 17 184.81 1 1. 47 
I 
6 .76 1 1 82 1.47 1 0~ 3 .31 
" 31 180 .95 2 .05 , .2.13 1.00 0 .32 6.18 738 I 
Sept.14 77.47 2 .09 2.08 0.83 0.42 8.00 9.13 1 Budding and early bloom . 
*Amide :!ore the difference between crude protein and albuminoids. 
